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[57] ABSTRACT

Pyrido[1,4]benzodiazepines having antidepressant ac-
tivity of the formula

Ar /(H)ﬂr
N

| (H),
Z Y
N
| |
R

wherein Ar is 2, 3 and 4-pyridinyl, 2 or 3-thienyl,
phenyl or a substituted phenyl; R is hydrogen, loweral-
kyl or an amine on the end of a hydrocarbon chain; Z 1s
hydrogen, halogen, trifluoromethyl, loweralkyl, lower-
alkoxy, hydroxy or nitro; and Y 1s hydrogen, loweral-
kyl, loweralkoxy or hydroxy; and the pharmaceutical
salts are prepared from {[2-[(aminopyridinyl)amino]-
phenyl]arylmethanones which also have antidepressant
activity.

3 Claims, No Drawings
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2-[(AMINO-PYRIDINYL) AMINE|PHENYLJARYL
METHANONES, THEIR THIOXOMETHYL,
KETAL OR THIOKETAL ANALOGS

» b

This application is a division of copending application

Ser. No. 548,045, filed Dec. 9, 1983, now U.S.:Pat. No.

4,556,667, which is a division of copending application

Ser. No. 395,218, filed July 6, 1982, now U.S. Pat. No.

4,447,361, which is a continuation in part of copending

application Ser. No. 305,080, filed Sept. 24, 1981, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to certain novel pyri-
dof1,4]benzodiazepines and novel chemical intermedi-
ates and pharmaceutical methods and compositions for
treating depression in humans.

2. Description of the Prior Art

Wander, A., in British Pat. No. 907, 646 discloses
preparation of certain dibenzodiazepines substituted
with phenyl radicals on carbon and with alkyl or amino-
alkyl radicals on the bridging nitrogen atom between
the phenyl rings.

Greig, M. E,, et al., J. Med. Chem. 14 No. 2, I page
153 (1971), disclose dibenzodiazepines similar to the
foregoing Wander disclosure useful against anaphylac-
tic shock. |

Japanese Pat. No. 73/43,520 (C.A. 80: 13350n dis-
closes 6-phenyl-2,3,4,4a-tetrahydro-11H-pyrido|2,3-
b][1,4)benzodiazepines having aniconvulsant activity
which are. illustratively prepared from 2-aminoben-
zophenones and ornithine.

SUMMARY OF THE INVENTION

The novel pyrido[l,4]benzodiazepines of the present
~ invention have the formula
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(H), | Formula I

Ar
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wheren; 50

R is selected from the group consisting of hydrogen,

loweralkyl —alkl—halo, —alki—NRI1R?2 or —alk-
l _N—CH-—OC:,Hs3;

R!and R? are selected from the group consisting of &
hydrogen, loweralkyl, —C(O)O—loweralkyl, or
R1and R2 taken together with the adjacent nitro-
gen atom may form a heterocyclic residue selected
from the group consisting of I-piperidinyl, 1-
phthalimido, 1-pyrrolidinyl, 4-morpholinyl, 1-
piperazinyl, and 4-substituted-1-piperazinyl;

Ar is selected from the group consisting of 2, 3 and
4-pyridinyl, 2 or 3-thienyl, phenyl or phenyl substi-
tuted by 1 to 3 radicals selected from halo, loweral-
kyl, loweralkoxy, trifluoromethyl or nitro and may

" be the same or different:;

Alk! is a straight or branched hydrocarbon chain
containing 1-8 carbon atoms;

65

2

Z is selected from the group consisting of hydrogen,
halogen, loweralkyl, loweralkoxy, hydroxy or ni-
{ro;
Y is selected from the group consisting of hydrogen
or 1-2 radicals selected from loweralkyl, loweralk-
oxy or hydroxy and may be the same or different;
nis 0 and | and when n i1s zero the dotted line i1s a
double bond, and the acid addition salts thereof.
The compounds of Formula I have utility as antide-
pressants for treating depression or as intermediates 1n
the preparation of other compounds of Formula L.

The novel [2-[(aminopyridinyl)amino}phenyljarylme-
thanones and their thioxomethyl, ketal or thioketal ana-
logs which form in the reaction mixture prior to cycli-
zation to diazepines and certain of which have addi-
tional utility as antidepressants for treating depressmn
are represented by the formula:

’_,Ar

B
NH>

Formula II

N

|
R

wherein B is selected from carbonyl, thioxomethyl,
ketal or thioketal, and R, R1, R2, Ar, alk!, Z and Y are
as defined under Formula I above.

In the further definition of symbols in the formulas
hereof and where they appear elsewhere throughout
this specification and claims, the terms have the follow-
ing significance.

The “alk” straight or branched connecting hydrocar-
bon chain containing 1-8 carbons i1s exemplified by
methylene (—CHj—), ethylene (—CHz——-—CHz-——),
propylene (-—-CH2CH2CH2—),

ethylidene [—CH—], 1,2-propylene [—CH—CH3y~ or

CH; CH3;

H CHj

I I
—CH,=C=—], isopropylidine [—~C—], or

l |
CH; CH3

1,3-butylene [—CH—CH;—CH>—},

:
CH3

. and the like.

The term Floweralkyl” includes straight and
branched chain hydrocarbon radicals of up to eight
carbon atoms inclusive and is exemplified by such

- groups as methyl, ethyl, propyl, 1sopropyl, butyl, isobu-

tyl, tertiary butyl, amyl, isoamyl, hexyl, heptyl, octyl,
and the like.

The term “halogen” includes chlorine, bromine, fluo-
rine, and iodine, preferably chlorine, bromine and fluo-
rine.

The term “‘4-substituted-1-piperazinyl” refers to pi-
perazine substituted in the 4-position by loweralkyl or
alkoxy-carbonyl blocking group which may subse-
quently be removed to give the unsubstituted pipera-
zine.

Pharmaceutically acceptable acid addition salts are
those salts formed by the pyridobezodiazepines and the
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[2-[(aminopyridinyl)amino]phenyl]jarylmethanones
Formula IIp hereinbelow of this invention with any
acid which is physiologically compatible 1 warm
blooded animals, such salts being formed either by
strong or weak acids. Repregentative of strong acids are
hydrochloric, sulfuric and phosphoric acids. Represen-
tative of weak acids are fumaric, maleic, succinic, OXx-
alic, cyclohexamic and the like. :

The  6-aryl-11H-pyrido[2,3-b][1,4)benzodiazepines
and the 5,6-dihydro derivatives thereof encompassed by
Formula I have the formula |

Iy

The  6-aryl-11H-pyrido[3,4-b][1,4]benzodiazepines
and the 5,6-dihydro derivatives thereof encompassed by
Formula I have the formula ™

The  10-aryl-SH-pyrido[4,3-b}[1,4]benzodiazepines
and the 10,11 dihydro derivatives thereof encompassed
by Formula I have the formula

Ar

(H)n

- 5
N
|
R

The  10-aryl-SH-pyrido[3,2-b][1,4]benzodiazepines
and the 10,11 dihydro derivatives thereof encompassed
by Formula I have the formula

(H)n
/

Ar

In all the formulas Iw to Iz, the symbols R, Ar, Z and
Y have the definition given hereinabove under Formula

L.

For the purpose of testing antidepressant activity of

the present invention compounds, the procedure given
by Englehardt, E. L., et al,, J. Med. Chem. 11(2): 325
(1968) which has been indicative in the past of useful-
ness of compounds for treating human depression was
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used as follows: 20 mg/kg of the compound to be tested
was administered to five adult female mice (ICR-DUB
strain), intraperitoneally 30 minutes prior to the admin-
istration of a ptotic dose (32 mg/kg IP) of tetrabenazine
(as the methane sulfonate salt). Thirty minutes later, the
presence or absence of complete eyelid closure (ptosis)
was assessed in each animal. An EDsg (Median Effec-
tive Dose) may be established for each tested compound
in blocking tetrabenazine induced ptosis in mice follow-
ing the procedure given by Litchfield et al., J. Phar-
macol. Exp. Therap. 96: 99-113 (1949).

Compounds of the invention encompassed by For-
mula I which have antidepressant activity in the forego-
ing procedure have the Formula Ip

(H)x

Ar

wherein:

R is selected from the group consisting of hydrogen,
loweralky! or —alk!—N-—RI1R?

R! and R? are selected from the group consisting of
hydrogen, loweralkyl or R! and R2 taken together
with the adjacent nitrogen atom may form a heter-
ocyclic residue selected from the group consisting
of 1-pyrrolidinyl, 4-morpholinyl, 1-piperazinyl or
4-loweralkyl-1-piperazinyl;

Ar is selected from the group consisting of 2, 3 or
4-pyridinyl, 2 or 3-thienyl, phenyl or pheny! subsii-
tuted by 1 to 3 radicals selected from halo, loweral-
kvl, loweralkoxy, trifluoromethyl or nitro and may
be the same or different;

Alk! is a straight or branched hydrocarbon chain
containing 1-8 carbon atoms;

Z is selected from the group consisting of hydrogen,
halogen, loweralkyl, loweralkoxy, hydroxy or ni-
tro;

Y is selected from the group consisting of hydrogen,
or 1-2 radicals selected from loweralkyl, loweralk-
oxy or hydroxy and may be the same or different;

n is 0 and 1 and when n is zero the dotted line 1s a
double bond, and the pharmaceutically acceptable

acid addition salts thereof.

The compounds of Formula Ip wherein R is —alk-
I_NR!R2 and R! and R? are loweralkyl or hydrogen
have been shown to have low incidence of antihista-
minic, anticholinergic and cardiotoxic side effects when
tested 1n animals.

The preferred pyridobenzodiazepines useful in the
method of treating depression are as follows:

Example
No. Compound active ingredient (free base)

9 N,N—dimethyl-6-phenyl-11H—pyrido][2,3-b][1,4]
benzodiazepine-11-propanamine.

23 6-(4-fluorophenyl)-N,N—dimethyl-11H—pyrdo
[2,3 -b][1,4]benzodiazepine-11-propanamine.

25 6-phenyl-11H—pyrido[2,3-b}{1,4)benzodiazepine-
11-propanamine.

28 N-—methyl-6-phenyl-11H—pyrido[2,3-b][1,4]
benzodiazepine-1l-propanamine.

52b 6-(2-chlorophenyl)-N,N—dimethyl-11H—pyrido
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Example
No. Compound active ingredient (free base)
[2,3-b][1,4]benzodiazepine-11-propanamine.
52a 6-(2-fluorophenyl)-W,N--dimethyl-11H—pyrido

[2,3-b][1,4]benzodiazepine-11-propanamine.

\

Compounds of the invention encompassed by For-

mula II which have antidepressant activity in the fore- 1p

going procedure have the Formula-IIp

/,Ar

H->N

. 11,
B

wherein;

R is selected from the group consisting of hydrogen,
loweralkyl or —alk!—NRIRZ;

15

20

R! and R? are selected from the group consisting of 25

hydrogen, loweralkyl, —C(O)—loweralkyl or R!
and R? taken together with the adjacent nitrogen
atom may form a heterocyclic residue selected
from the group consisting of 1-piperidinyl, 1-
phthalimido, 1-pyrrolidinyl, 4-morpholinyl, and
l-piperazinyl;

B is selected from carbonyl or thioxomethyl;

Ar, Z and Y are as defined under Formulas I and 11
above, and the pharmaceutically acceptable acid
addition salts thereof.

The compounds of Formulas I and I wherein the R
moiety carries a phthalimido, chloro, carbamoyl or
imidate component are chemical intermediates rather
than antidepressant agents, and compounds of Formula
II wherein B is ketal or thioketal are also chemical
intermediates rather than antidepressants.

It is therefore an object of the present invention to
provide novel 6-aryl-11H-pyridof1,4]benzodiazepines
which have antidepressant activity.

Another object is to provide novel |[2-
[(aminopyridinyl)amino]phenyl]aryl methanones and
their thioxomethyl, ketal or thioketal analogs.

Another object is to provide methods of treating
depression and pharmaceutical compositions therefor.

Still another object is to provide novel intermediates
for preparing aryl substituted-11H-pyridofl,4]ben-
zodiazepines which are antidepressants, certain of
which intermediates also have antidepressant activity.

Additional objects and advantages of the present
invention will be apparent to one skilled in the art and
others will be apparent from the following description
of the best mode of carrying out the present invention
and from the appended claims.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention encompasses the novel pyndo-
benzodiazepines and methanone(thioxomethyl, ketal or
thioketal analogs) intermediates as set forth herein in
‘Formulas I and II as compositions of matter and utiliza-
tion of these compounds as antidepressants or as inter-
mediates in the preparation of other antidepressants.
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Description of Compound Preparation

Reaction sequence by equation for the preparation of
the compounds of the invention is given in Chart 1.
Alternate procedures for preparation of certain of the

compounds are given by equation in Charts 2, 3, 4, 5 and
6.

Methanones, Formula II, See Chart 1

The methanone (or analogs) intermediates are pre-
pared by heating a mixture of the halo-amino pyridine
and an aminobenzophenone (or analog) for a shorter
period of time than that required for cyclization to the
pyridobenzodiazepine as indicated by chemical 1oniza-
tion mass spec. analysis. For the {[2-[(3-amino-2-
pyridinyl)amino]jphenyllmethanones, the conditions
required are about 1 to 1.5 hr at 170°-200° C. The me-
thanones and analogs may be isolated as the predomi-
nant product, if desired, by cooling and adding a suit-
able organic solvent such as, for example, methylene
chloride which will dissolve unreacted starting materi-
als and some cyclized compound (Ia) followed by usual
methods of isolating such as partitioning between the
solvent and aqueous base or methanolic aqueous base
followed by washing, drying, evaporating the solvent
layer and recrystallizing from a suitable solvent.

Unsubstituted Pyﬁdobenzodiazephles, Formulas Ia and
Ia-1 (R=H), See Chart 1

The purified II compounds or crude II compounds
may be further heated in an aprotic solvent to cyclize to
compounds of Formula Ia, removing water from the
reaction mixture by conventional means; for example,
under reflux using a Dean-Stark water trap. However, it
is not necessary to stop heating at the intermediate
stage; generally, it 1s sufficient to continue heating of the
original reaction mixture; i.e., III+IV, for a longer
period of time during which cyclization to Ia occurs. In
the cyclization stage, whichever alternative is used, the
temperature time relationship will vary to some extent
depending on the reactants used, it being only necessary
to heat for a time sufficient to produce the product
desired as indicated by chemical 1onization mass spec.
The unsubstituted pyridobenzodiazepines are purified
by partitioning between a suitable solvent such as meth-
ylene chloride and aqueous base, washing and drying
the solvent layer, evaporating and chromatographing in
a suitable solvent system such as acetone-benzene. The
corresponding dihydrodiazepine may be prepared by
reduction with sodium borocyanohydrin.

Substituted Pyridobenzodiazepines, Formulas Ib and
Ib-1 (R=loweralkyl), See Chart 1

Preferably, compounds of Formula Ia (or Ia-1)
wherein R is hydrogen are alkylated or alkylaminated
or radicals are introduced which will lead to alkylami-
nation by reacting first with sodium hydride and then
with an appropriate reagent represented by halo—alk!1Q
wherein *“dlk” has the meaning as defined above and Q
1s as defined in Chart 1. The compounds suspended in a
suitable solvent such as dimethyl formamide are added
to a stirred suspension of sodium hydride in the same
solvent. The halo—alkl—Q reagent (alkylaminating
agent or agent leading to alkylamination) 1s added at
about room temperature and the reaction mixture is
stirred for a period of time until reaction is complete as,
for example, determined by thin layer chromatography.
The unreacted sodium hydride is decomposed by add-
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inig to water and the product is extracted with a suitable
solvent such as methylene chloride followed by aque-
ous acid extraction of the solvent layer and isolating the
product from the aqueous layer by neutralization and
re-extraction with methylene chloride followed by
evaporation and precipitating, preferably as an addition
salt such as fumarate, hydrochloride, oxalate, maleate
and the like. Generally, once having obtained and puri-
fied an acid addition salt, the free base may be regener-
ated by partitioning the salt between an aqueous base
and a suitable solvent such as methylene chloride and
evaporating the methylene chloride layer. The corre-
sponding dihydrodiazepines may be prepared by reduc-
. tion with sodium borocyanohydrin. Alternately, com-
pounds of Formulas Ib wherein Q is halo may be con-
verted to compounds wherein Q is —N—(loweralkyl)
by reacting with an appropriate dialkylamine as given in
the reaction sequence of Chart 2.

The primary amines of Formula Ic; i.e., Rl and R%are
both hydrogen, are prepared from the —alk!—w—(1-
phthalimido) derivatives, as shown in Chart 1, by react-
ing with hydrazine hydrate, utilizing the method of
Org. Syn. Coll. Vol. III, pp 151-153. Generally, about
2-3 hr reflux time is sufficient after which aqueous acid
is added and the mixture is filtered. The primary —alk-
| —_amines are isolated from suitable solvents such as
isopropyl alcohol. Hydrochlorides and hydrochloride
hydrates are preferred salts in the isolation step. The
corresponding dihydrodiazepines may be obtained by
reduction with sodium borocyanohydrin.

The —alk!—w—monoalkylamines (Formula Ie); e.g.,
R!l=methyl, RZ=hydrogen, may be prepared as shown
in Chart 1 by reacting the primary —alk!-—NH; deriva-
tives Ic or Ic-1 with refluxing triethyl orthoformate for
a period of time sufficient to form the methanimidic acid
ester (I-d) which is then reacted with sodium borohy-
dride. The unreacted borohydride is decomposed with
water and the product extracted out with a suitable
solvent such as ethyl acetate and may be purified by
column chromatography and partitioning with basic
solvent. Hydrochlorides are preferred salts in the isola-

I11
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tion step. The method i1s more fully exemplified 1n Ex-
amples 27 and 28. The corresponding dihydroben-
zodiazepines may then be prepared by reduction with
sodium-borocyanohydrin.

—Alkl—w—monomethylamines may also be pre-
pared by reaction of the primary amine with ethyl chlo-
roformate as in Example 29, and thereafter reducing
with lithium aluminum hydride as exemplified in Chart
3.

A further more generalized alternative for introduc-
tion of —alk!—w—monoloweralkyl amine radicals is
via the radical:

N
—alk 1-—1‘|\‘*—C“O—loweralkyl.

loweralky!

See Charts 1 and 4.

All formulas Ia, Ia-1, Ib, Ib-1, Ib-2, Ib-3, 1b-4, Ic, Ic-1,
Ic-2, Id, Ie, and Ie-1 are encompassed by Formula 1.

Compounds of Formula I wherein the —NRI!R?2 moi-
ety is unsubstituted 1-piperazinyl are obtained by hy-
drolizing a compound of Formula I wherein —NR!R?is
piperazino substituted in the 4-position by an alkyl car-
bonyl such as t-butoxycarbonyl.

Compounds of Formula II wherein R is hydrogen
may be alkylaminated by reacting with sodium hydride
and an appropriate reagent represented by halo—alk-
l__NRIR? wherein “alk!” has the meaning as defined
above with the proviso that R! and RZ are not hydro-
gen. See Chart 5 for the equation. The addition and
subsequent removal of blocking agents on the NH;
radical on the pyridine ring is anticipated as a means of
improving yields. These compounds may then be cy-
clized to the pyrido[l,4]benzodiazepines.

Compounds of Formula II wherein B is carbonyl may
also be prepared by hydrolyzing the appropriate pyri-
do[1,4]benzodiazepine with cold concentrated hydro-
chloric acid. See Chart 6 for the equation.

CHART 1

fAr

N
I
R
I1
Heat Additional
longer period heating
—H50 —H>0



Z Y

Ia-1]

Z Y

Z Y

alk!—NH;
Ic-1

N
H

|
alkl—N—CH3

Ie-1

whenn = O

NaBH;3CN,
Acid

4,668,675
10

-continued

CHART 1
< omon - 2 Y
Acid
ia
when R = H when R = H
NaH + solvent,
halo—alk!=—Q
Ar (H)H
/
N
whenn = O (H),,
E NaBH3;CN, Z - Y
Acid N
|
alkl—=Q*
Ib
when Q = (1-
phthalimido
alcoholic hydrazine
hydrate, Acid
Ar /(H)g
whenn = O N
NaBH;CN, (H),,
E Acid 7 v
i
alk!—NH>
Ic |
l/ H—C(OC3Hs)3
Ar | (H)H
/
N
(H)x
Z
N
alk!l—N=CH=—0C;Hj5
Id
NaBH4
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-continued
CHART 1
Ar
(H)n .
Z I .

]

alk!=-N—CHj
Ie

- *Q is selected from the group consisting of hydrogen, = N——(loweralkyl),, 1-pyrrolidinyl, 1-piperidinyl,

4-substituted- 1-piperazinyl, 4-morpholinyl, 1-phthalimido, (Illl or halo.

= N== C=—0=—loweralkyl,

loweralkyl
R = H, methyl or ethyl,

8 = —C(O)™, —C(8)™, r-———l or ’——-I
O O S S

:Ci ‘:—Cf
25 -continued
CHART 3
Ar
30 (H)»
CHART 2 “
qu |
Ar (H),,
, / 15 alk|—=NH—C(0)—0C,Hj3
Ic-2
(H)»
. Li AlH4
If |
40
alkl—halo Ar
Ib-2
Ar
Z
45
(H),
7 I
_ alk l==N=—CHj
Il*i Ie-1
alk!=—=N=—(1oweralkyl); 50
Ib-3
CHART 3
dAiAIN G D 55
Ar (H)ﬂ
/
4
60 (iiih
| N alkl—i]qmcmo-—loweramyl
alk!l=NH, * loweralkyl
o Ib-4
Solvent <+ 65

Hydrolyze ag. Acid
or base

N(C2Hs)s,
EtOC(O)Cl
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-continued
CHART 4

(H)»
/
N ©

(H)n

AT

N

l
alk!l—NH~—Iloweralkyl

Ie-1

The preparation of the novel [(amino-pyridinyl-
)aminophenylaryljmethanones which are intermediates
in the preparation of the aryl substituted-pyrido|[1,4-
Jbenzodiazepines are illustrated more fully in the fol-
lowing Intermediates 1 to 16. Structures of the interme-
diates are illustrated in Table 1.

CBART 5
. ’,Ar
H)N
Z Y
N
|
H
NaH - Solvent
halo—alkl—Q*
Ar
" when B =
ketal or
- HaoN y _thioketal >
Hydrolyze
N
I
alkl—Q**
Ar
B+~
HoN
Z | Y
N
alkl*""Q**

Q** 1s ~—N=—R!R? wherein R! and R? are as defined above.

B is =—C(O)~—, '_""C?(S)""" I-—-_‘ l——-—-—]

O S\ P S
_D—-—

O
\
"""‘C""‘::

B* 1s =—C(O)™ or —C(8)—.

CHART 6

I
alk1Q*

Hydrolyze
15-37% hydrochloric acid
0° C.

10

15
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-continued
CHART 6

#_,Ar

B
HsN

N

alk!—Q* HCI sait

Q* is as defined in Chart 1.
B is =—C(O)—.

Preparation of Methanone Intermediates
Intermediate 1

[2-[(3—Amino-Z-pyridiﬁyl)amino]phenyl]phenylmetha-
none

A stirred mixture of 39.4 g (0.20 mole) of 2-aminoben-
zophenone and 28.3 g (0.22 mole) of 3-amino-2-
chloropyridine was heated at 180° C. under nifrogen
atmosphere for 1.5 hr. The mixture was allowed to cool
somewhat and 200 ml of methylene chloride was added
slowly. After stirring for 3 hr and standing overnight at
room temperature, 40.1 g of solid was filtered off and
recrystallized twice from methanol-isopropy! ether
giving 4.3 g, presumably the hydrochloride salt; m.p.

- 187°-90° C. This solid was dissolved 1n a mixture of

30
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water-methanol, basified with 3N sodium hydroxide
and extracted with methylene chloride. The combined
methylene chloride extracts were dried over magne-
stum sulfate and evaporated under reduced pressure.
The residue was recrystallized from isopropyl ether
(charceal) to give 2.1 g of product; m.p. 91°-3° C. Dry-
ing prior to analysis was overmght at room tem-
perature/0.02 mm Hg.

Analysis: Calculated for CigHi1sN3O: C, 74.72; H,
5.23; N, 14.52; Found: C, 74.94; H, 5.23; N, 14.69.

Intermediate 2

[2-[(3-Amino-2-pyridinyl)amino}-4-chlorophenyl]-
phenylmethanone

A stirred mixture of 23.2 g (0.1 mole) of 2-amino-4'-
chlorobenzophenone and 14.2 g (0.11 mole) of 3-amino-
2-chloropyridine was heated at 180° C. under nitrogen
atmosphere for 2.5 hr. The mixture solidified upon cool-
ing t0 room temperature and was broken up with a
spatula. The solid was suspended in 100 ml of methylene
chioride and collected by filtration. The filter cake was
dissolved in a mixture of water-methanol, basified with
3N sodium hydroxide and extracted twice with methy-
lene chloride. The combined methylene chlornide ex-
tracts were dried over magnesium sulfate and evapo-
rated under reduced pressure. The residue which had
crystallized was triturated in isopropyl ether and the
solid (16.7 g) collected by filtration. A 3 g sample was
recrystallized from isopropyl ether to give 1.6 g prod-
uct; m.p. 153°-155° C.

Analysis: Calculated for Ci1gH14CIN3O: C, 66.77; H,
4.36; N, 12.98; Found: C, 67.06; H, 4.36; N, 13.17.

Intermediate 3

[2-[(3-Amino-2-(pyridinyl)amino)phenyl](4-methyl-
phenyl)methanone

A stirred mixture of 20.0 g (0.095 mole) of 2-amino-4'-
methylbenzophenone and 13.95 g (0.104 mole) of 3-
amino-2-chloropynidine (96%) was heated under a ni-
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trogen atmosphere at 180° C. for 2.0 hr. The mixture
cooled to a glassy solid which was broken up, triturated
in methylene chloride and the mixture stirred over-
night. The solid was collected by filtration and dis-
solved in warm methanol. .The solution was basified
with 3N sodium hydroxide, diluted with 500 ml of
water and extracted 3 times with 250 ml of methylene
chloride. The combined methylene chlorde "extracts
were dried over magnesium sulfate and evaporated
under reduced pressure. The residue which crystallized
on standing was recrystallized twice from benzene-
isooctane to give 4.2 g product, m.p. 126°-127.5° C.
Analysis: Calculated for CioH17N3O: C, 75.23; H,
-5.65; N, 13.85; Found: C, 75.81; H, 5.69; N, 13.96.

Intermediate 4

[2-[(3-Amino-2-pyridinyl)amino]-5-chlorophenyl}-(2-
chlorophenyl)methanone

A stirred mixture of 20.0 g (0.156 mole) of 3-amino-2-
chloropyridine and 37.3 g (0.14 mole) of 2-amino-2',5-
dichlorobenzophenone was heated at 190° C. under
nitrogen atmosphere for 5.5 hr. Thin layer chromatog-
raphy (5% methyl alcohol-benzene on silica gel) indi-
cated reaction had not substantially occurred. The mix-
ture was stirred overnight at 190° C., cooled somewhat,
and 100 ml methylene chloride was added cautiously.
The suspension was stirred for two hr and the black
-solid which formed was separated by filfration. The
~+s0lid was suspended in 500 m! of methylene chloride
" and 300 ml of dilute sodium hydroxide was added. An
-emulsion formed and the mixture was filtered which
allowed separation of layers. The methylene chloride
layer was washed with two 250 ml portions of water by
extraction, dried over magnesium sulfate and evapo-
rated under reduced pressure. The residue was dis-
solved in benzene and filtered through a 300 g of florisil
to remove low Rymaterial. All fractions were combined
and evaporated under reduced pressure. Thin layer
chromatography showed presence of two major com-
~.ponents with lower Ryspot predominating. The residue

‘was dissolved in benzene and chromatographed on a
600 g column of florisil packed in benzene. The higher
R s material was eluted with 1% acetone-benzene. On
evaporation, the residue was triturated in benzene and
recrystallized from benzene-isooctane to give 2.7 g
product; m.p. 162°-4" C.

Analysis: Calculated for Cy1gH13CIaN30: C, 60.35; H,
3.66: N, 11.73; Found: C, 60.67; H, 3.67; N, 11.77.

Intermediates S5a to Su

Following the procedures of Intermediate 3 and sub-
stituting equal molar amounts of the following for 2-
amino-4'-methylbenzophenone:

2-amino-4'-ethylbenzophenone,

2-amino-4'-isopropylbenzophenone,
2-amino-4’-bromobenzophenone,
2-amino-3'-fluorobenzophenone,
2-amino-4’-ethoxybenzophenone,
2-amino-4’-nitrobenzophenone,
2-amino-4'-trifluoromethylbenzophenone,
2-amino-3’-methylbenzophenone,
2-amino-3’-ethylbenzophenone,
2-amino-3'-methoxybenzophenone,
2-amino-3’-ethoxybenzophenone,
2-amino-2'-nitrobenzophenone,
2-amino-3'-trifluoromethylbenzophenone,
2-amino-2’'-methylbenzophenone,
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2-amino-2'-ethylbenzophenone,
2-amino-2'-methoxybenzophenone,
2-amino-2',4'-dichlorobenzophenone,
2-amino-3',4’,5'-trimethoxybenzophenone,
2-amino-2'-fluorobenzophenone,
2-amino-2'-chlorobenzophenone, and
2-amino-2'-bromobenzophenone,
there are obtained:
(a) [2-=-[(3-am1n0-2-pyndmyl)amlno]phenyl] -(4-ethyl-
phenyl)methanone,
(b) [2-[(3-amino-2-pyridinyl)amino]phenyl]-(4-150-
propylphenyl)methanone,
(c) [2-[(3-amino-2-pyridinyl)amino]phenyl}-(4-
bromophenyl)methanone,
(d) [2-[(3-amino-2-pyridinyl)amino]phenyl}-(3-fluoro-
phenyl)methanone,
(e) [2- [(3-ammo-Z-pyndmyl)ammo]phenyl] (4-ethox-
yphenyl)methanone,
(O [2-[(3-amino-2-pyridinyl)amino]phenyl}-(4-nitro-
phenyl)methanone, |
(g) [2-[(3-amino-2-pyridinyl)amino]phenyl]-(4-tri-
fluoromethylphenyl)methanone,
(h) [2-[(3-amino-2-pyridinyDamino]phenyl]-(3-
methylphenyl)methanone,
(i) [2-[(3-amino-2-pyridinyl)amino]phenyl]-(3-ethyl-
phenyl)methanone,
() [2-[(3-amino-2-pyridinyl)amino]phenyl}-(3-
methoxyphenyl)methanone,
(k) [2-[(3-amino-2-pyridinyl)amino]phenyl]-(3-ethox-
yphenyi)methanone,
(1) [2-[(3-amino-2-pyridinyl)amino]phenyl]-(2-nitro-
phenyl)methanone,
(m) [2-[(3-amino-2-pyridinyl)amino]phenyl}-(3-tri-
fluoromethylphenyl)methanone,
(n) [2-[(3-amino-2-pyridinyl)amino]phenyi]-(2-
methylphenyl)methanone,
(o) [2- [(3-amlno-Zupyndmyl)ammo]phenyl] -(2-ethyl-
phenyl)methanone,
(p) [2-[(3-amino-2-pyridinyl)amino}phenyl]- (2-
methoxyphenyl)methanone,
(Q) [2-[(3-amino-2-pyridinyl)amino]phenyl]-(2,4-
dichlorophenyl)methanone,
(r) [2-[(3-amino-2-pyridinyl)amino]phenyi](3,4,5-
trimethoxyphenyl)methanone,
(s) [2-[(3-amino-2-pyridinyl)amino]phenyl]- (2-ﬂuor0-
phenyl)methanone,
(t) [2-[(3-amino-2-pyridinyl)amino]phenyl}-(2-chloro-
phenyl)methanone, and
(u) [2-](3-amino-2-pyridinyl)amino}phenyl]-(2-
" bromophenyl)methanone.

Intermediates 6a to 60

Following the procedure of Intermediate 2 and sub-
stituting equal molar amounts of the following for 2-
amino-4-chlorobenzophenone:

2-amino-3-chlorobenzophenone,

- 2-amino-6-chlorobenzophenone,
2-amino-4-fluorobenzophenone,
2-amino-4-fluorobenzophenone,
2-amino-4-triflnoromethylbenzophenone,
2-amino-4-methylbenzophenone,
2-amino-5-methylbenzophenone,
2-amino-6-methylbenzophenone,
2-amino-4-ethylbenzophenone,
2-amino-4-methoxybenzophenone,
2-amino-4-ethoxybenzophenone,
2-amino-4-nitrobenzophenone,
2-amino-5-nitrobenzophenone,
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2-amino-3-methylbenzophenone, and
2-amino-3-chlorobenzophenone,
there are obtained:

(a) [2-[(3-amino-2-pynidinyl)amino]- 5—-chlor0pheny1]
phenylmethanone,

(b) [2- [(3-am1no-2-pyr1dmyl)ammo] 6-chlorophenyl}-
phenylmethanone,

(¢) [2-[(3-amino- 2-pyr1d1nyl)annno]-4-ﬂuorophenyl]
phenylmethanone,

(d) [2-[(3-amino-2-pyridinyl)amino]-4-bromophenyl]-
phenylmethanone,

) [2-[(3-amino-2-pyridinyl)amino]-4-trifluorome-
thylphenyl]phenylmethanone,

(f) [2-[(3-amino-2-pyridinyl)amino]-4-methylphenyl]-

phenylmethanone,

(g) [2-[(3-amino-2-pyridinyl)amino]-5-methylphenyl]-
phenylmethanone,

(h) [2-[(3-amino-2-pyridinyl)amino]-6-methylphenyl]-
phenylmethanone,

(i) [2-[(3-amino-2-pyridinyl)amino]-4-ethylphenyl}-
phenylmethanone,

() [2-[(3-amino-2-pyridinyl)amino]-4-methoxy-
phenyl]phenylmethanone, -

(k) [2-[(3-amino-2-pyridinyl)amino}-4-ethoxyphenyl]-
phenylmethanone,

(D  [2-[(3-amino-2-pyridinyl)amino]}-4-nitrophenyl]-
phenylmethanone,

(m) [2-[(3-amino-2-pyridinyl)amino]-5-nitrophenyl}-
phenylmethanone,

(n) [2-[(3-amino-2-pyridinyl)amino]-3-methylphenyl]-
phenylmethanone, and

(o) [2-[(3-amino-2-pyridinyl)aminol-3-chlorophenyl]-
phenylmethanone.

Intermediates 7a to 7c

Following the procedure of Intermediate 1 and sub-
stituting equal molar amounts of the following for 3-
amino-2-chloropyridine:

4-amino-3-chloropyridine,

3-amino-4-chloropyridine, and

2-amino-3-chloropyridine,
there are obtained: |

(a) [2-][(4-amino-3-pyridinyl)amino]phenyl]phenylme-

thanone,

(b) [2-[(3-amino-4-pyridinyl)amino]phenyljphenylme-

thanone, and

(c¢) [2-[(2-amino-3-pyridinyl)amino]phenyl]phenylme-

thanone.

Intermediate 8

[2-[(3-Amino-2-pyridinyl)aminolphenyl](3-chloro-
phenyl)methanone

A stirred muxture of 35 g (0.152 mole) of 2-amino-3'-
chlorobenzophenone and 23.4 g (0.182 mole) of 3-
amino-2-chloropyridine was heated at 180° C. for 2 hr.
The hot melt was allowed to cool to 110° C., after
which 100 ml of hot toluene was added dropwise with

vigorous stirring. The mixture was allowed to cool
while stirring to 30° C. and 50 ml of methylene chloride
was added. After stirring for an additional # hour, the
mixture was filtered and the filter cake suspended in
methylene chloride with stirring for 3 hr and methylene
chloride was separated by filtration. The filter cake
containing the product (25.4 g) was partially dissolved
in hot methanol (total volume 150 ml) and 50% aqueous
sodium hydroxide was added until the mixture was
basic. Ice water was added and the solution was ex-
tracted with methylene chloride. This methylene chlo-
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ride extract was washed with water and dried over
magnesium sulfate and evaporated to dryness. The resi-
due was dissolved in isopropyl alcohol and boiled with
charcoal. The mixture was filtered, reduced in volume
to give a first crop of crystals weighing 16 g (33%). A
portion of the crystals was recrystallized from isopropyl
alcohol to give a brick red solid melting 119°-120° C.

Analysis: Calculated for: C, 66.77; H, 4.36; N, 12.98;
Found: C, 66.78; H, 4.42; N, 12.94.

Intermediate 9

[2-][(3-Amino-2-pyridinyl)amino]phenyl](4-fluoro-
phenyl)methanone

A stirred mixture of 35 g (0.163 mole) of 2-amino-4'-
fluorobenzophenone and 27 g (0.21 mole) of 3-amino-2-

chloropyridine was heated at 175°-180° C. for 2.5 hr.
The mixture was allowed to cool to 110° C., after which
100 ml of hot toluene was added. On cooling to 50° C,,
50 ml of methylene chioride was added. The solvent
layer was decanted, leaving a black solid mass which
was dissolved in hot methanol. The solution volume
was reduced by one half and allowed to stand overnight
at room temperature. The mixture was filtered and the
filter cake washed twice by suspending in methylene
chloride. The weight of crude solid produced was 22.5
g. The solid was dissolved in methanol and basified with
50% aqueous sodium hydroxide. The mixture was ex-
tracted with methylene chloride and the extract dried
and concentrated. The residue was twice crystallized
from isopropyl alcohol, decolorizing by boiling with
charcoal the second time, to give 14 g (28%) solid
which was red-orange in color; m.p. 121.5°-122.5° C.
Analysis: Calculated for CigsH14aN3OF: C, 70.35; H,
4.59;: N, 13.67; Found: C, 70.23; H, 4.59; N, 13.64.

Intermediate 10

[2-[(3-Amino-2-pyridinyl)amino]phenyl](2-thienyl)me-
thanone

In accordance with the procedure of Intermediate 9,
(2-aminophenyl)(2-thienyl)methanone, prepared by the
method of Steinkopf & Gunther, Ann. 522, 28-34
(1936), is reacted with 3-amino-2-chloropyridine to give
the title compound.

Intermediate 11

{2-[(3-Amino-2-pyridinyl)amino]phenyl](3-thienyl)me-
thanone

In accordance with the procedure of Intermediate 9,
(2-aminophenyl)(3-thienyl)methanone is reacted with
3-amino-2-chloropyridine to give the title compound.

Intermediate 12

[2-[(3-Amino-2-pyridinyl)aminolphenyi](2-pyridinyl)-
methanone

The title compound is prepared by reacting (2-amino--
phenyl)(2-pyridinyl)methanone, as prepared by Scho-
field, K., J. Chem. Soc 1949, 2408-12, with 3-amino-2-
chlor0pyr1dme

Intermediate 13

[2-[(3 Amino-2-pyridinyl)amino]phenyl}(3-pyridinyl)-
methanone

- The title compound 1s prepared by reacting (2-amino-
phenyl)(3-pyridinyl)methanone as prepared by
Abramovitch R. A. & Tertzakian, G., Tetrahedron Let-
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ters, 1963, 1511-15 and Abramoviich, R. A. et al., Can.
J. Chem. 43(4), 725-31 (1965) with 3-amino-2-
chloropyridine.

Intermediate 14

[2-[(3-Amino- 2-pyr1d1nyl)amlno]phenyl](4-pyr1dmyl)
methanone

The title compound is prepared by reacting (2-amino-
phenyl)(4-pyridinyl)methanone as prepared by Nann,
A. J. and Schofield, K., J. Chem. Soc. 1952, 583-9 with
3-amino-2-chloropyridine.

Intermediates 15a to 15g

Following the procedure of Intermediate 1 and sub-
stituting equal molar amounts of the following for 3-
amino-2-chloropyridine:

3-amino-2-chloro-4-methylpyridine,

3-amino-2-chloro-5-methylpyridine,

3-amino-2-chloro-6-methylpyrnidine,

3-amino-2-chloro-5,6-dimethylpyridine,

3-amino-2-chloro-6-methoxypyridine,

3-amino-4-chloro-2-methylpyridine, and

3-amino-2-chloro-5-methoxypyridine,
there are obtained:

(a) [2-[(3-amino-4-methyl- 2-pyr1d1nyl)am1no]phenyl]

phenylmethanone,

(b) [2-[(3-amino-5-methyl-2-pyridinyl)amino]phenyl}-

phenylmethanone,

(¢) [2-[(3-amino-6-methyl-2-pyridinyl)aminolphenyl}-

phenylmethanone,

(d) [2-[(3-amino-5,6-dimethyl-2-pyridinyl)amino}-

phenyl]phenylmethanone,

(e) [2-[(3-amino-6-methoxy-2-pyridinyl)amino]-

phenyl]phenylmethanone,

() [2-[(3-amino-2-methyl-4-pyridinyl)amino]jphenyl]-

phenylmethanone, and

(g2) [2-[(3-amino-5-methoxy-2-pyridinyl)amino]-

phenyljphenylmethanone.

Intermediates 16a to 16f

Following the procedure of Intermediate 1 and sub-
stituting equal molar amounts of the following for 3-
amino-2-chloropyridine:

2-amino-3-chloro-5-methylpyridine,

2-amino-3-chloro-4,6-dimethylpyridine,
2-amino-3-chloro-5-ethylpyridine,
4-aminoc-3-chloro-5-methylpyridine,
4-amino-3-chloro-2,6-dimethylpyridine, and
4-amino-3-chloro-2-methylpyridine,

there are obtained:

(a) [2-[(2-amino-5-methyl-3-pyridinyl)amino]phenyl]-

phenylmethanone,

(b) [2-[(2-amino-4,6-dimethyl-3-pyridinyl)amino]-

phenyl]phenylmethanone,

() [2-[(2-amino-5-ethyl-3-pyridinyl)amino}phenyl]-

phenylmethanone,

(d) [2-[(4-aminc-5-methyl-3-pyridinyl)amino]phenyl}-

phenylmethanone,

(e) [2-[(4-amino-6-methyl- 3-pyndmyl)anuno]phenyl]

phenylmethanone, and

(f) [2-](4-amino- 2-methy1-3-pyrndmyl]amlno]-
phenyl]phenylmethanone.

Intermediate 17a-c

Following the procedure of Intermediate 1 and sub-
stituting equal molar amounts of the following for 2-
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aminobenzophenone and adding an morganle base to
neutralize the acid formed:
(2-aminophenyl)phenylmethanethione,
2-(2-phenyl-1,3-dioxolan-2-yl)benzeneamine, and
2-(2-phenyl-1,3-dithiolan-2-yl)benzeneamine,
there are obtained
(a) [2-[(3-amino-2-pyridinyl)amino]phenyl]phenylme-
thanethione,
(b)  N2-[2-(2-phenyl-1,3-dioxolan-2-yl)phenyl]-2,3-
pyridinediamine, and
(c) N2-[2-(2-phenyl-1,3-dithiolan-2-yl)phenyl}-2,3-
pyridinediamine.

Intermediate 18

[2-[(3-Amino-2-pyridinyl)-N-methylamino]phenyl]-
phenyimethanone hydrochlonde

Following the procedure of Intermediate 1, 2-N-
methyl aminobenzophenone is reacted with 3-amino-2-
chloropyridine to give the title compound. The free
base of the title compound is obtained also by the latter
part of the procedure of Intermediate 1.

Intermediate 19

[2-[(3-Amino-2-pyridinyl)-N-ethylamino]phenyl]-
phenylmethanone hydrochloride

Following the procedure of Intermediate 1, 2-N-
ethylaminobenzophenone is reacted with 3-amino-2-
chloropyridine to give the title compound. The free
base of the title compound is obtained also by the latter
part of the procedure of Intermediate 1.

Intermediate 20 0

[2-[(3-Amino-2-pyridinyl)[3-(dimethylamino)propyl-
Jamino]phenyl}phenylmethanone

A  solution of  N,N-dimethyl-6-phenyl-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine  1in
isopropyl alcohol is treated with 25% hydrochloric acid
at 0° C. to give a solution of the title compound.

Intermediate 21

[2-[[3-(Dimethylamino)propyl](3-amino-2-pyridinyl-
Yamino}phenyliphenylmethanone

To a stirred suspension of sodium hydrnde (in mineral
oil) in anhydrous dimethylformamide, under nitrogen
atmosphere was added, portionwise, [2-[(3-amino-2-
pyridinyl)amino]phenyl]phenylmethanone. To the mix-
ture was added 3-dimethylaminopropyl chioride hydro-
chloride to give a solution containing some of the title
compound as indicated by chemical ionization mass
spectrascopy analysis. With time, this cyclized sponta-
neously to the corresponding pyrido[2,3-b][1,4]ben-
zodiazepine.

Intermediate 22

[2-[(3-Amino-2-pyridinyl)[3-(dimethylamino)propyl-
lamino]phenyl]phenylmethione

To a stirred suspension of sodium hydride (in mineral
oil) in anhydrous dimethylformamide under nitrogen
atmosphere is added, portionwise, [2-[(3-amino-2-
pyridinyl)amino]phenyl]phenylmethanethione. To the
mixture is added 3-dimethylaminopropy! chloride hy-
drochloride to give a solution containing the title com-
pound.



4,668,675

21

Intermediate 23

N2-[3-(Dimethylamino)propyl]-N2-[2-(2-phenyl-1,3-
dioxolan-2-yl)phenyl}-b 2,3-pyridinediamine

To a stirred suspension of*sodium hydride (in mineral
oil) in anhydrous dimethylformamide under nitrogen
atmosphere is added, portionwise, N2-[2-(2-phenyl-1,3-
dioxolan-2-yl)phenyl]-2,3-pyridinediamine. To the mix-
ture is added 3-dimethylaminopropyi chloride hydro-
chloride to give a solution containing the title com-
pound. | |

Inter-
mediate Ar

CeHs—
CeHs—
4-CH3—CgHyg—
2-Cl=—CgHyq—
4-CoHs=CsHg—
4-1-C3Hy=—CcHy4—
4-Br—C¢Hy
J-F—CegHgq
4-QCrH5~—CcHgq4—
4-NOr—CeHyg—
4-CF3—CgHy—
3-CH3—CgHy—
3-CoHs—CgHs—
3-OCH3—CgHs—
3-OC9H5~—CcHyg
. 2-NO»—C¢Hs—
3-CF3~—CgHyg—
2-CH3—CgHy—
2-CoHg=-CgHg
2-0OCH3—CgH4
2,4-Ch—Ce¢H3i—
3,4,5-(0OCH3)3—CgHr—
2-F—CecHg—
2-Cl—CgcHy
2-Br—CgHa
Cels—
CeHs—
CeHs=—
CeHs—
CsHs—
CeHs—
CeHs—
CeHs—
CeéHs—
CgHs—
CeHs— -
Cels—
CeHs—
CgHs—
C¢Hs—
3-Cl—CgHs—
4-F=—CgHg—
2-thienyl
3-thienyl
2-pyridinyl
3-pyridinyl
4-pyridinyl
CeHs—
15b Cetls—
15¢ CeHs—
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Intermediate 24

N2-[3-(Dimethylamino)propyi}-N2-[2-(2-phenyl-1,3-
dithiolan-2-yl)phenyl}-2,3-pyridinediamine

To a stirred suspension of sodium hydride (in mineral
oil) in anhydrous dimethylformamide under nitrogen
atmosphere is added, portionwise, N2-[2-(2-phenyl-1,3-
dithiolan-2-yl)phenyl}-2,3-pyridinediamine. To the mix-
ture 1s added 3-dimethylaminopropyl chloride hydro-

chloride to give a solution containing the title com-
pound.-
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TABLE 1-continued
Inter-
mediate  Ar B Y R y4
b CeHs— I_.__l H H H
O ~ - - O
C CeHs— l._.____l H H H
S ~ - - S ‘
i8 CeHs —C({O)— H —CH; H
CeHs— -C(O)— H - (CsHs H
20 CesHs= —C(O)— H =—(CH7)3N—=(CH3); H
21 CeHs— —C(O)— H —(CH»)sN-—(CH3); H
22 CeHs™ —C(S)— H =—(CH2)3N—=(CH3); H
23 CeHs '__I H —(CH;)3N—(CH3)» H
O ~ - - O
24 CeHs— [_—-_l H —(CH»);N=—(CH3); H
S < c - S
O
N
7a CeHs= H H H
16d CeHs— —C{O)— 5-CHj; H H
e CgHg~— —C(O)=—  6-CHj; H H
f CeHs— —C(O)—  2-CH3 H H
Ar
B.—*""
H)sN N
Z O oy
N
!
R
7o CeHs— —C{O)— H H H
15f CeHs— —C(O)—  2-CHj H H
B.#'"'
N
Z () —Y
7c CgHs— —C(O)y— H H H
16a CeHs— -=C(O)— 5-CHj; H H
b CgHs™ ~C(O)=— 4,6(CH3); H H
C CsHs— —C(0)— 5-CsHs H H
EXAMPLE 1

The preparation of novel phenyl-substituted pyri-
do[1,4]benzodiazepine compounds of the present inven-
tion and the novel process is exemplified more fully by
the following examples. Structures of the compounds of
the examples are illustrated in Table 2. The scope of the
invention 1s not limited thereto, however.

6-Phenyi-11H-pyrido[2,3-b][1,4]benzodiazepine

A mixture of 19.7 g (0.1 mole) of 2-aminobenzophe-
none and 15.0 g (0.12 mole) of 3-amino-2-chloropyri-

85 dine was heated under nitrogen atmosphere at 190° C.
for 1.75 hr. The mixture was cooled to room tempera-
ture and partitioned between 3N aqueous sodium hy-
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droxide and methylene chloride. The combined methy-
lene chloride extracts were washed with water, dried
over magnesium sulfate and evaporated under reduced
pressure. The residue, 32.7 g, was dissolved in benzene
and chromatographed on a column of florisil packed 1n
benzene, eluting with benzene and 1-2% acetone-ben-
zene mixtures. After evaporation, the solid was crystal-
lized from benzene to give 7.3 g product; m.p.
106°-108° C.

Analysis: Calculated for CigsHi3N3: C, 79.68; H, 4.83;
N, 15.49; Found: C, 79.70; H, 4.81; N, 1542.

EXAMPLE 2

- 8-Chloro-6-phenyl-11H-pyrido[2,3-b}{1,4]benzodiaze-
pine |

A mixture of 15.0 g (0.0647 mole) of 2-amino-5-
chlorobenzophenone and 9.1 g (0.068 mole) of 3-amino-
2-chloropyridine was heated at 200° C. (in an o1l bath)
for 0.75 hr under nitrogen atmosphere. The mixture was
cooled and methylene chloride added. The mixture was
stirred for 1 hr then allowed to stand overnight. Brown
solid precipitate weighing 8.7 g was separated by filtra-
tion. The filtrate was evaporated under reduced pres-
sure. The residue was combined with the brown sohd
and partitioned with aqueous sodium hydroxide and
methylene chloride and crude product isolated as in
Example 1, except the crystallizing solvent was ethanol.
Recrystallization from ethanol and drying over night at
82° C./0.1 mm Hg gave 3.0 g product; m.p.
156.5°-158.5° C.

Analysis: Calculated for CigH12CIN3: C, 70.71; H,
3.96; N, 13.74; Found: C, 70.24; H, 4.01; N, 13.76.

EXAMPLE 3

9-Chloro-6-phenyl-11H-pyrido|2,3-b][1,4]benzodiaze-
pine

A suspension of 6.6 g (0.02 mole) of {2-[(3-amino-2-
pyridyl)amino]-4-chlorophenyl]-(phenyl)methanone
(Intermediate 2) in 200 ml of toluene was heated at
reflux over night under nitrogen atmosphere. The reac-
tion mixture was filtered hot and the filtrate heated back
to reflux temperature. The precipitate formed in cool-
Ing to room temperature was separated by filtration and
recrystallized from benzene and dried 4 hr at 97°-98°
C./0.1 mm Hg and over night at room temperature/0.1
mm Hg to give 3.7 g; m.p. 250.5° to 252° C. Elemental
analysis for carbon was high and the product was re-
dried at 139° C. (xylenes in drying pistol) for 8 hr. Al-
though the carbon analysis remained high, the proton
nuclear magnetic resonance spectrum and mass spec-
trum was consistent with the proposed structure.

Analysis: Calculated for CigH12CIN3: C, 70.71; H,
3.96; N, 13.74; Found: C, 71.46; H, 4.06; N, 13.46.

EXAMPLE 4

8-Chloro-6-(2-chlorophenyl)-5,6-dihydro-11H-
pyrido[2,3-b][1,4]benzodiazepine

Further elution of the florisil column 1n the prepara-
tion of Intermediate 4 with 10-15% acetone in benzene
and 5-25% methanol in benzene gave two fractions of
the title product of this example, 6.4 g and 5.7 g, the
second being quite impure. The 6.4 g fraction was re-
crystallized from benzene-isooctane to give 3.7 g of
solid; m.p. 203°-6" C. (decomposition) which was i1den-
tified by chemical ionization mass spec. analysis, !H and
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13C NMR as 8-chloro-6-(2-chlorophenyl)-5,6-dihydro-
11H-pyrido[2,3-b][1,4]benzodiazepine.

EXAMPLE 5

6-(4-Chlorophenyl)-11H-pyrido[2,3-b][1,4]benzodiaze-
pine

A mixture of 23.2 g (0.10 mole) of 2-amino-4'-
chlorobenzophenone and 14.7 g (0.11 mole) of 3-amino-
2-chloropyridine (96%) were heated for 1.5 hr at 180°
C. under nitrogen atmosphere. The mixture was cooled
to room temperature and methylene chloride added.
After stirring for 30 min., solids were separated by
filtration and triturated in hot 190 proof ethanol. The
remaining insoluble material was collected by filtration
and recrystallized from benzene-isooctane to give 2.7 g
product, m.p. 203°-204.5° C. Drying conditions prior to
analyses were: overnight at 97°-98° C./0.1 mm Hg.

Analysis: Calculated for CigH2CIN3: C, 70.71; H,
3.96; N, 13.74; Found: C, 70.76; H, 3.92; N, 13.95.

EXAMPLE 6

6-(4-Methylphenyl)-11H-pyrido[2,3-b][1,4]benzodiaze-
pine

A solution of 3.6 g (0.012 mole) of [2-[(3-amino-2-
pyridyl)amino]phenyl}(4-methylphenyl)methanone in
100 ml of anhydrous toluene was treated with a cata-
lytic amount of para toluene sulfonic acid and refluxed
overnight while separating water with a Dean-Stark
trap. The reaction mixture was filtered while hot. The
product precipitated as the filtrate cooled to room tem-
perature and was collected by filtration. Weight of solid
after solvent evaporated was 2.5 g, m.p. 203.5°-205° C.
(decomp.).

Analysis: Calculated for Ci9H5N3: C, 79.98; H, 5.30;
N, 14.73; Found: C, 79.95; H, 5.27; N, 14.76.

EXAMPLE 7

6-(4-Methoxyphenyl)-11H-pyrido[2,3-b][1,4]ben-
| zodiazepine

A stirred mixture of 20.0 g (0.088 mole) of 2-amino-4'-
methoxybenzophenone and 13.0 g (0.097 mole) of 3-
amino-2-chloropyridine (96%) was heated at 180° C.
under a nitrogen atmosphere for 2.0 hr. The reaction
mixture was cooled to approximately 70° C. and 100 ml]
of methylene chloride was added slowly. After the
mixture had cooled to room temperature, another 50 ml
of methylene chloride was added and the mixture was
stirred overnight. The suspended solid was collected by
filtration, air dried, dissolved in methanol and basified
with 3N sodium hydroxide. The suspension was diluted
with 500 ml water and exiracted with three 250 ml
portions of methylene chloride. The combined methy-
lene chloride extracts were dried over magnesium sul-
fate and evaporated under reduced pressure. Analysis
by mass spectra (EI and CI) indicated the residue was a
mixture of [2-[(3-amino-2-pyridyl)amino]phenyl](4-
methoxyphenyl)methanone and the title compound.
The residue-mixture was dissolved in 250 ml toluene
with a catalytic amount of para toluene sulfonic acid
and the solution was refluxed overnight under a nitro-
gen atmosphere while separating water in a Dean-Stark
trap. The reaction mixture was filtered while hot. The
product precipitated as the filtrate cooled to room tem-
perature and was collected by filtration. After recrystal-

lization from benzene the product weighed 1.8 g, m.p.
198.5°-200-5° C. (d).
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Analysis: Calculated for CioH5sN30: C, 75.73; H,
5.02; N, 13.94; Found: C, 75.65; H, 4.98; N, 14.03.

EXAMPLE 8

8-Chloro-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-
b][1,4]benzodiazepine-11-propanamine oxalate [1:1]

To a stirred suspension of 1.05 g (0.044 mole) of so-
dium hydride (in mineral oil) in 50 ml of anhydrous
dimethylformamide, under nitrogen atmosphere was
added, portionwise, 6.1 g (0.02 mole) of 8-chloro-6-phe-
nyl-11H-pyrido[2,3-b][1,4]benzodiazepine. The reaction
mixture was stirred at room temperature for 1.5 hr,
during which evolution of hydrogen ceased. To the

- mixture was added, portionwise, 3.5 g (0.022 mole) of

3-dimethylaminopropylchloride hydrochloride. After
stirring overnight at room temperature, the reaction
mixture was poured into 1600 ml water and the combi-
nation extracted with three 250 ml portions of methy-
lene chloride. The combined methylene chloride ex-
tract was washed with two 250 ml portions of water,
dried over magnesium sulfate and evaporated under
reduced pressure. The residue was dissolved in benzene
and chromatographed with acetone-benzene on a 300 g
column of florisil packed in benzene. Starting material,
1.6 g., was recovered in the benzene elution and 3.6 g.
containing the product as free base was obtained from
the acetone-benzene elution on evaporation of solvent.
A portion of the crude free base, 2.5 g., was dissolved 1n
hot isopropyl alcohol and reacted with 0.8 g (0.0064
- ~mole) of oxalic acid dihydrate. The oxalate salt, which
- precipitated on cooling, was collected by filtration and
. recrystallized from ethanol to give 2.2 g product, m.p.
206°-208° C. Drying conditions prior to analyses were:
5 hr at 97°-98° C./0.02 mm Hg; over might at room
temperature/0.02 mm Hg.

Analysis: Calculated for Cys5H2sCINgO4: C, 62.43; H,
5.24; N, 11.65; Found: C, 62.52; H, 5.23; N, 11.76.

EXAMPLE 9

N,N-Dimethyl-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine-11-propanamine fumarate [1:1]

To a stirred suspension of 1.68 g (0.070 mole) of so-
dium hydride (in mineral oil) in 25 ml of anhydrous
dimethylformamide, under nitrogen atmosphere, was
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added, portionwise, a suspension of 8.0 g (0.029 mole) of 43

6-phenyl-11H-pyrido[2,3-b][1,4]benzodiazepine in 20 ml
of anhydrous dimethylformamide. The mixture was
stirred for 30 min after addition was complete, warmed
to 65° C. for 15 min and cooled again to room tempera-

ture. To the mixture was added 5.6 g (0.035 mole) of 20

3-dimethylaminopropyl chloride hydrochloride. After
stirring overnight at room temperature, thin-layer chro-
matography indicated the reaction was nearly com-
pleted. The reaction mixture was poured into 1500 ml
water and extracted with 250 ml of methylene chloride.
The methylene chloride extract was washed with three
250 ml portions of water, dried over magnesium sulfate
and evaporated under reduced pressure. The residue
was dissolved in methylene chloride and extracted with
100 ml and 150 ml portions of 3N hydrochloric acid.
Unreacted 6-phenyl-11H-pyrido[2,3-b][1,4]benzodiaze-
pine starting material precipitated from the aqueous
acidic solution and was separated by carefully decant-
ing the liquid from the solid. The aqueous solution was
basified with 3N sodium hydroxide and extracted with
three 100 ml portions of methylene chloride. The com-
bined methylene chloride extracts were dried over mag-
nestum sulfate and evaporated under reduced pressure
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to give 7.7 g residue, the free base of the title compound.
A solution of 6.6 g of the residue in hot 1sopropyl alco-
hol was reacted with 2.15 g of fumaric acid and the
mixture heated until dissolution was completed. On
standing for 48 hr, the salt which had precipitated was
collected by filtration. After recrystallization from 1so-
propyl alcohol-isopropyl ether, 5.9 g of product was
obtained, m.p. 171°-173° C. Drying conditions prior to
analyses were: 4 hr at 90° C./0.1 mm Hg; overnight at
room temperature/0.1 mm Hg.

Analysis: Calculated for Cy7H28N4O4: C, 68.63; H,
5.97; N, 11.86; Found: C, 68.37; H, 6.05; N, 11.73.

EXAMPLE 10

N,N-Dimethyl-6-phenyi-11H-pyridof2,3-b][1,4]ben-
zodiazepin-11-ethanamine fumarate [1:1]

To a stirred suspension of 1.48 g (0.062 mole) of so-
dium hydride (in mineral oil) in 35 ml of anhydrous
dimethylformamide, under nitrogen atmosphere, was
added, portionwise, 7.0 g (0.026 mole) of 6-phenyl-11H-
pyrido[2,3-b][1,4]benzodiazepine. After cooling the
reaction mixture to room temperature, 4.46 g (0.031
mole) of 2-dimethylaminoethyl chloride hydrochloride
was added portionwise and stirring continued over-
night. The reaction mixture was poured into 1500 ml of
water and the resultant mixture extracted with 250 ml of
methylene chloride. The methylene chloride extract
was washed with three 500 ml portions of water, dried
over magnesium sulfate and evaporated under reduced
pressure to give 8.6 g of an oil, the free base of the title
compound. Part of the oil, 6.9 g, was reacted with an
equal molar amount of fumaric acid in 1sopropyl alco-
hol. Addition of isopropyl ether gave an oily solid. The
mixture was evaporated under reduced pressure and the
residue crystallized on standing. The crystals were trit-
urated with acetone and recrystallized from acetone-
isopropyl ether to give 4.3 g of the fumarate salt, m.p.
175°-177.5° C.

Analysis: Calculated for Cy6H26N4O4: C, 68.11; H,
5.72; N, 12.22; Found: C, 67.88; H, 5.72; N, 12.17.

EXAMPLE 11

11-[3-(4-Morpholinyl)propyl]-6-phenyl-11H-
pyrido[2,3-][1,4]benzodiazepine fumarate [1:1]

To a stirred suspension of 1.10 g (0.046 mole) of so-
dium hydride (in mineral oil) in 25 ml of anhydrous
dimethylformamide under nitrogen pressure was added,
portionwise, 5.0 g (0.0184 mole) of 6-phenyl-11H-
pyrido[2,3-b][1,4]benzodiazepine. The reaction mixture
was stirred at room temperature for 15 min, warmed at
65°~70° C. for 10 min and allowed to cool to room
temperature. To the mixture was added, portionwise,
4.1 g (0.02 mole) of 4-(3-chloropropyl)morpholine hy-
drochloride. The reaction mixture was stirred at room
temperature for 16 hr and then poured into 800 ml of
water. This mixture was extracted twice with 200 ml
portions of methylene chloride. The combined methy-
lene chloride extracts were extracted with 150 ml and
75 ml portions of 3N hydrochloric acid and the com-
bined aqueous extracts were basified with 3N sodium
hydroxide. The resulting suspension was extracted with
two 150 ml portions of methylene chloride and these
latter two extracts combined, dried over magnesium
sulfate and evaporated under reduced pressure. The
residue, the free base of the title compound, was reacted
with an equal molar amount of fumaric acid 1n warm
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isopropyl alcohol and the mixture treated with isopro-
pyl ether. The fumarate salt was collected by filtration
and recrystallized from ethanol-ethyl acetate to give 5.6
g, m.p. 154°-7° C. Drying conditions prior to analyses
were: 4 hr at 97°-98° C./0.1 mm Hg; overnight at room 5
temperature/0.1 mm Hg.

Analysis: Calculated for CagH30N4Os: C, 67.69; H,
5.88; N, 10.88; Found: C, 67.52; H, 5.84; N, 10.90.

EXAMPLE 12

N,N-Diethyl-6-phenyl-11H-pyrido{2,3-b]{1,4]ben-
zodiazepine-11-propanamine oxalate [1:1]

10

To a stirred suspension of 1.10 g (0.0461 mole) of
sodium hydride (in mineral oil) in 25 ml of anhydrous
dimethylformamide under nitrogen atmosphere was
added, portionwise, 5.0 g (00184 mole) of 6-phenyl-
11H-pyridof2,3-b][1,4]benzodiazepine. The reaction
mixture was stirred at room temperaturee for 0.5 hr,
warmed to 65°~-70° C. and cooled slowly to room tem-
perature. To the mixture was added, portionwise, 3.77 g
(0.020 mole) of 3-diethylaminopropylchloride hydro-
chloride and the reaction mixture stirred at room tem-
perature for 16 hr. The mixture was poured into 750 ml
of water and extracted with three 150 ml portions of
methylene chlortde. The combined methylene chloride 25
extracts were extracted with 150 ml and 75 ml portions
of 3N hydrochloric acid. The combined aqueous ex-
tracts were basified with 3N sodium hydroxide and then
extracted with three 100 ml portions of methylene chlo-
ride. The combined methylene chloride extracts were 30
dried over magnesium sulfaie and evaporated under
reduced pressure to give 7.5 g of the free base of the title
compound. A portion, 5.6 g, was reacted with an equal
molar amount of oxalic acid dihydrate in hot isopropyl
alcohol. The oxalate salt was collected by filtration to 35
give 5.5 g product, m.p. 196°-199° C. Drying conditions
prior to analyses were: 1 hr at 97°-98° C./0.1 mm Hg.

Analysis: Calculated for Cy7H30N4O4: C, 68.34; H,
6.37; N, 11.81; Found: C, 63.31; H, 6.43; N, 11.86.

EXAMPLE 13

9-Chloro-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-
b]{1,4jbenzodiazepine-11-propanamine fumarate [1:1]

15
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To a stirred suspension of 0.98 g (0.041 mole) of so-
dium hydride (in mineral oil) in 25 ml of anhydrous
dimethylformamide under nitrogen atmosphere was
added, portionwise, 5.0 g (0.016 mole) of 9-chloro-6-
phenyl-11H-pyrido[2,3-b][1,4]benzodiazepine over a 45
min period. The reaction mixture was stirred at room
temperature for 1 hr, warmed to 70° C. and then cooled
slowly to room temperature. To the mixture was added,
portionwise, over a 30 min period, 2.84 g (0.018 mole) of
3-dimethylaminopropyl chloride hydrochloride and the
reaction mixture stirred at room temperature for 17 hr.
The mixture was poured into 750 ml water and ex-
tracted with 150 ml and two 100 ml portions of methy-
lene chloride. The combined methylene chloride ex-
tracts were washed with two 100 ml portions of water
followed by extraction with 100 ml and 75 ml portions
of 3N hydrochloric acid. The acidic extracts were com-
bined and filtered to remove precipitaie which had
formed and the filtrate was basified with 3N sodium
hydroxide and extracted with three 100 ml portions of
methylene chloride. The combined methylene chloride
extracts were dried over magnesium sulfate and evapo- 635
rated under reduced pressure. The residue was dis-
solved in methylene chloride and filtered through a
50-60 g bed of florisil in a sintered glass funnel. The bed
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was washed in succession with 1%, 2%, 3% and 5%
methanol-methylene chloride mixtures, the filtrates
combined and evaporated under reduced pressure to
give the free base of the title compound. The free base
was reacted with an equal molar amount of fumaric acid
in hot isopropanol to give 3.3 g fumarate, m.p.
199°-202° C.

Analysis: Calculated for Cy7H27N404Cl: C, 63.96; H,
5.37; N, 11.05; Found: C, 63.63; H, 5.36; N, 11.00.

EXAMPLE 14

6-Phenyl-11-[3-(1-piperidinyl)propyl}-11H-pyrido{2,3-
b][1,4}benzodiazepine fumarate [1:1]

To a stirred suspension of 1.10 g (0.0461 mole) of
sodium hydride (in mineral oil) in 25 ml of anhydrous
dimethylformamide under nitrogen atmosphere was
added, portionwise, 5.0 g (0.018 mole) of 6-phenyl-11H-
pyrido[2,3-b][1,4]benzodiazepine. The reaction mixture
was stirred for 30 min, warmed to 70° C. and cooled to
room temperature. To the mixture was added, portion-
wise, 4.14 g (0.0203 mole) of N-(3-chloropropyl)piperi-
dine hydrochioride and the reaction mixture was stirred
at room temperature for 16 hr. The mixture was poured
into 750 ml of water, extracted with 150 ml methylene
chloride by stirring for 15 min. The aqueous layer was
extracted with two additional 100 ml portions of methy-
lene chloride. The combined methylene chloride ex-
tracts were extracted with 150 ml and 75 ml portions of
3N hydrochloric acid and the combined acid extracts
basified with 3N sodium hydroxide and then extracted
with three 100 ml portions of methylene chloride. The
methylene chloride extracts were combined, dried over
magnesium sulfate and evaporated under reduced pres-
sure. The residue was dissolved in a minimum of methy-
lene chloride and filtered through a 100 g bed of florisii
in a sintered glass funnel. The bed was washed succes-
sively with methylene chlonide, 1%, 2%, 3% and 5%
methanol-methylene chloride mixtures. All the filtrates
were combined and evaporated under reduced pressure.
The residue was reacted with 1.3 g fumaric acid in hot
isopropanol and isopropyl ether added. An amorphous
precipitate was formed. The entire mixture was evapo-
rated to dryness and the residue dissolved in 200 m] of
ethanol. The solution was warmed to reflux, filtered and
isopropyl ether added to the filtrate. Crystals which
formed overnight were filtered off to give 4.1 g fumar-
ate salt, m.p. 153°-6° C. Drying conditions prior to
analyses were: 4 hr at 97°-98° C./0.1 mm Hg.

Analysis: Calculated for CizpH32N404: C, 70.29; H,
6.29; N, 10.93; Found: C, 70.38; H, 6.32; N, 10.92.

EXAMPLE 15

6-(4-Chlorophenyl)-N,N-dimethyl-11H-pyrido[2,3-
b][1,4]benzodiazepine-11-propanamine fumarate [1:1]

To a stirred suspension of 1.57 g (0.065 mole) of so-
dium hydride (in mineral oil) in 25 ml of anhydrous
dimethylformamide was added under nitrogen atmo-
sphere, 8.0 g (0.026 mole) of 6-(4-chlorophenyl)-11H-
pyrido[2,3-b][1,4)benzodiazepine. The reaction mixture
was stirred for 1 hr at room temperature, warmed at 80°
C. for 15 min and cooled to room temperature. To the
mixture was added, portionwise, 4.55 g (0.029 mole) of
3-dimethylaminopropyl chloride hydrochloride and the
mixture was stirred overnight at room temperature. The
mixture was poured into 750 ml of water and stirred for
30 min with 150 m! of methylene chloride. The aqueous
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layer was extracted further with three 100 ml portions
of methylene chloride. The combined methylene chlo-
ride extracts were dried over magnesium sulfate and
evaporated under reduced pressure to give the free base
of the title compound. The free base was reacted with
an equal molar amount of fumaric acid in hot isopropa-

nol. On cooling, 3.6 g of the fumarate salt precipitated,

m.p. 200.5°-202.5° C. The product was atr dried further
prior to analysis.

Analysis: Calculated for Cy7H27CINgO4: C, 63.96; H,
5.37; N, 11.05; Found: C, 64.18; H, 5.33; N, 11.07.

EXAMPLE 16

8-Chloro-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-
b][1,4]benzodiazepin-11-ethanamine oxalate [1:1]

To a stirred suspension of 1.05 g (0.044 mole) of so-
dium hydride (in mineral oil) in 50 ml of anhydrous
dimethylformamide was added, portionwise, 6.1 g (0.02
mole) of 8-chloro-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine. The reaction mixture was stirred at room
temperature for 1.5 hr, during which time evolution of
hydrogen ceased. The reaction mixture was cooled to
5° C. and 3.2 g (0.022 mole) of 2-dimethylaminoethyl
chloride hydrochloride was added, portionwise, fol-
lowed by stirring at room temperature for about 60 hr.
The reaction mixture was poured into 1600 ml of water
and the nixture extracted three times with 500 ml por-
tions of methylene chloride. The combined extracts
were washed with two 500 ml portions of water, dnied
over magnesium sulfate and evaporated under reduced
pressure. Thin layer chromatography (20% methanol/-
benzene on silica gel) indicated the presence of free base
of the title compound and of starting material. The
residue was dissolved in benzene and chromatographed
on a 200 g column of florisil packed in benzene. Starting
material, 1.3 g of 8-chloro-6-phenyl-11H-pyridof2,3-

~ b][1,4]benzodiazepine was eluted with benzene and the

free base of the title compound was eluted with mix-
tures of acetone in benzene. The free base was reacted
with an equal molar amount of oxalic acid dihydrate in
refluxing isopropyl alcohol and product recrystallized
from isopropyl alcohol weighed 1.6 g, m.p. 228-5°-232°
C. Drying conditions prior to analysis were 6 hr at 82°
C./0.1 mm Hg; overnight at room temperature.
Analysis: Calculated for CoqH23CIN#O4: C, 61.74; H,
4.96; N, 12.00; Found: C, 61.62; H, 4.95; N, 11.98.

EXAMPLE 17

8-Chloro-11-methyl-6-phenyl-11H-pyrido|2,3-
bl[1,4]benzodiazepine

To a stirred suspension of 0.25 g {0.01 mole) of so-
dium hydride (in mineral oil) in 15 mi of anhydrous
dimethylformamide was added, portionwise, 3.05 g
(0.01 mole) of 8-chloro-6-phenyl-11H-pyrido[2,3-
b][1,4]benzodiazepine. The mixture was warmed at
about 60° C. for one hr. A solution of 1.42 g (0.01 mole)
of methyl iodide in 10 ml of anhydrous dimethylform-
amide was added dropwise over a 0.5 hr period and the
reaction mixture stirred overnight at room temperature
after which i1t was poured into 400 ml of water and
stirred for 2 hr. The precipitated solid was recrystal-
lized twice from isopropyl alcohol to give 2.0 g of prod-
uct, m.p. 153°-6° C. Drying conditions prior to analyses
were 1 hr at 82° C./0.1 mm Hg.

Analysis: Calculated for CigH14CIN3: C, 71.36; H,
4.41: N, 13.14; Found: C, 71.64; H, 4.43; N, 13.32.
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EXAMPLE 18

N,N-Dimethyl-6-(4-methylphenyl}-11H-pyrido[2,3-
b][1,4]benzodiazepine-11-propanamine fumarate {1:1}

To a stirred suspension of 0.51 g (0.022 mole) of so-
dium hydride in 25 ml of anhydrous dimethylformam-
ide under nitrogen atmosphere was added, portionwise,
42 g (0.0147 mole) of 6-(4-methylphenyl)-11H-
pyrido[2,3-b][1,4]benzodiazepine over a 45 min period.
The mixture was stirred for 1 hr at room temperature,
warmed at 75°-80° C. for 1 hr, cooled to room tempera-
ture and a solution of 0.0184 mole of 3-dimethylamino-
propyl chloride in 10 ml of anhydrous dimethylformam-
ide was added dropwise. The mixture was stirred over-
night at room temperature and poured into 1000 m] of
water. The suspension was extracted with three 150 ml
portions of methylene chloride and the combined meth-
ylene chloride extracts were extracted with two 150 ml
portions of 3N hydrochloric acid. A precipitate formed
in the acidic solution which was removed by filtration
and discarded. The filtrate was basified with 3N NaOH
and extracted with three 100 ml portions of methylene
chloride. The combined methylene chloride extracts
were dried over magnesium sulfate and evaporated
under reduced pressure to give an oil, the free base of
the title compound. This residual oil was dissolved in
hot isopropyl alcohol and reacted with an equal molar
amount of fumaric acid. The fumarate salt crystallized
as the solution cooled to room temperature and was
recrystallized twice from isopropyl alcohol-tsopropyl
ether to give 1.7 g product, m.p. 187°-189° C., (de-
comp.).

Analysis: Calculated for CagH3oN4O4: C, 69.12; H,

'6.22; N, 11.52; Found: C, 68.86; H, 6.32; N, 11.36.

EXAMPLE 19

6-(4-Methoxyphenyl)-N,N-dimethyl-11H-pyrido[2,3-
b}[1,4]benzodiazepine-11-propanamine fumarate [1:1]

To a stirred suspension of 0.45 g (0.0187 mole) of
sodium hydride in 25 ml of anhydrous dimethylformam-
ide under nitrogen atmosphere was added 4.5 g (0.015
mole) of 6-(4-methoxyphenyl)-11H-pyrido]2,3-
b][1,4]benzodiazepine over a 30 min period. The mix-.
ture was stirred for 30 min at room temperature fol-
lowed by warming at 80°-90° C. for one hr, cooling to
room temperature and a solution of 0.019 mole of 3-
dimethylaminopropyl chloride in 5 ml of anhydrous
dimethylformamijde was added dropwise. The reaction
mixture was stirred overnight at room temperature and
poured into 800 ml of water. The suspension was ex-
tracted with two 150 ml portions of methylene chloride.
The combined extracts were washed with 500 ml of
water then extracted with two 100 ml portions of 3N
hydrochloric acid. The solid which precipitated from
the combined acidic extracts was filtered off and dis-
carded. The filtrate was basified with 3N sodium hy-
droxide and extracted with three 100 ml portions of
methylene chloride. The combined methylene chloride
extracts were dried over magnestum sulfate and evapo-
rated under reduced pressure. The residual oil had par-
tially crystallized and was triturated in methylene chlo- -
ride and filtered, leaving in a residue of 0.32 g. The
filtrate was evaporated under reduced pressure and the
residual oil triturated in hot benzene and filtered, leav-
ing a residue of 0.8 g. The benzene filtrate was evapo-
rated under reduced pressure and the residual oil was
reacted with 1.02 g fumaric acid in hot isopropyl alco-
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hol. Upon cooling, an o1l separated from solution. The
supernatant liqguid was decanted and the oil seeded.
After crystallizing partially, the mixture was filtered to
give 2.5 g solid, m.p. 157°-60° C. An attempted recrys-
tallization from 1sopropyl alcohol-1sopropyl ether again
produced an oil-solid mixture. The mixture was re-
heated with additional 1sopropyl alcohol, solubilized,
filtered, seeded and cooled. The fumarate salt precipi-
tated and was collected by filtering to give 2.0 g,

m.p. 159°-161° C. Analysis: Calculated for
CasH3o0N4Os: C, 66.92: H, 6.02; N, 11.15; Found: C,
66.90; H, 6.08; N, 11.08.

EXAMPLE 20

6-(3-Chlorophenyl)-11H-pyrido[2,3-b][1,4]benzodiaze-
pine

A mixture of 14 g (0.0433 mole) of [2-[(3-amino-2-
pyridinyl)amino|phenyl](3-chlorophenyl)-methanone

and 0.3 g of para toluene sulfonic acid in 500 mi of 20

toluene were heated at reflux overnight using a Dean-
Stark trap to collect water. At the end of the reflux
time, some of the toluene (ca 250 ml) was distilled off
and the hot solution was filtered. Pet. ether (30°-60° C.)
was added to the cloud point. The solution was refriger-
ated overnight and filtered to give, after air drying, 10
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g (76%) gold colored crystals. A portion was recrystal-

lized from 1sopropyl alcohol-isopropyl ether, m.p.
160°-160.5° C.

Analysis: Calculated for CigH12N3Cl: C, 70.71; H,
3.96; N, 13.74; Found: C, 70.47; H, 3.98; N, 13.62.

EXAMPLE 21

6-(3-Chlorophenyl)-N,N-dimethyl-11H-pyrido[2,3-
b][1,4]benzodiazepine-11-propanamine fumarate [1:1]

To a stirred suspension of 3.4 g (0.07 mole) of sodium
hydride (in mineral oil) in 250 ml of anhydrous dimeth-
yliformamide was added under nitrogen atmosphere in
portions 8.5 g (0.028 mole) of 6-(3-chlorophenyl)-11H-
pyrido[2,3-b][1,4]benzodiazepine. The mixture was
stirred for 30 min at room temperature. The tempera-
ture was raised to 80° C. for 3 hr and thereafter allowed
to cool to room temperature. To the reaction mixture
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was added dropwise a solution of 4.9 g (0.031 mole) of 45

3-dimethylaminopropy! chloride hydrochloride in 30
ml of dimethylformamide over a 20 minute period. The
reaction mixture was allowed to stir at room tempera-
ture overnight under nitrogen atmosphere. Thin layer
chromatography indicated some starting material was
present. Additional sodium hydride 1.4 g (0.03 mole)
was added and after 15 min 4.7 g (0.03 mole) of 3-dime-
thylaminopropyl chloride hydrochloride was added
followed by stirring for 43 hr. Water (20 ml) was added
dropwise and the reaction mixture filtered and concen-
trated on a rotary evaporator. The residue was parti-
tioned between diethyl ether and dilute sodium hydrox-
ide. The ether layer was washed with water 3 times and
extracted with dilute aqueous hydrochloric acid. The
water layer was basified with sodium hydroxide peliets
and extracted with methylene chloride. The methylene
chloride layer was dried and concentrated to give a
residue of 7.5 g product. The free base was reacted with
fumaric acid and the fumarate salt recrystallized from
ethyl acetate-ethanol, m.p. 167.5°-168.5° C.

Analysis: Calculated for Cy3H3NaCl: C, 63.96; H,
5.47; N, 11.05; Found: C, 63.95; H, 5.39; N, 11.00.
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EXAMPLE 22

6-(4-Fluorophenyl)-11H-pyrido|2,3b][1,4]benzodiaze-
pine

A mixture of 11.5 g (0.037 mole) of [2-[(3-amino-2-
pyridinyl)amino]phenyl}(4-fluorophenyl)methanone
and 0.6 g of para toluene sulfonic acid in toluene was
refluxed for 24 hr using a Dean-Stark trap to collect
water. At the end of reflux, some of the toluene (300 mi)
was distilled off and the hot solution was filtered. Pet.-
ether (30°-60°) was added to cloud point. The solution
was refrigerated overnight (0° C.) and filtered to give
10.7 g crystals. A portion of the material was recrystal-
lized from isopropyl alcohol and dried in vacuo over-
night at 65° C., m.p. 203°-205° C.

Analysts: Calculated for CigHaN3F: C, 74.73; H,
4.18; N, 14.52; Found: C, 74.61; H, 4.17; N, 14.54.

EXAMPLE 23

6-(4-Fluorophenyl)-N,N-dimethyl-11H-pyrido[2,3-
b][1,4]benzodiazepine-11-propanamine hydrochloride
hemihydrate

To a stirred suspension of 3.6 g (0.075 mole) of so-
dium hydride (in mineral oil) in 250 ml of anhydrous
dimethylformamide was added under nitrogen atmo-
sphere in portions 8.7 g (0.03 mole) of 6-(4-fluoro-
phenyl)-11H-pyrido]2,3-b][1,4]benzodiazepine. The
mixture was stirred for 30 min at room temperature.
The temperature was raised to 80° C. for 3.5 hr. and
thereafter allowed to cool to 45° C. To the reaction
mixture was added dropwise a solution of 5.2 g (0.033
mole) of 3-dimethylaminopropyl chloride hydrochlo-
ride in 30 m] of dimethylformamide. After stirring over-
night at room temperature, thin layer chromatography
indicated the presence of starting material. Additional
sodium hydride, 3.6 g (0.075 mole) was added and after
45 min stirring, the reaction mixture was heated to
50°-60° C. for 4 hr. A green color developed with for-
mation of gas. The mixture was stirred at room temper-
ature for 3 hr. A solution of 5.2 g (0.033 mole) of 3-
dimethylaminopropyl chloride in 30 ml of dimethyl-
formamide was added dropwise. (About half way
through the addition, a green color developed and addi-
tion was halted temporarily for about an hour). The
reaction mixture was stirred overnight at room temper-
ature. To the mixture was added 30 ml of water while
cooling. After gas evolution had stopped the mixture
was filtered and concentrated in a rotary evaporator.
The residue was partitioned between diethyl ether and
water and the ether layer extracted with dilute agueous
hydrochloric acid solution. The aqueous layer was fil-
tered after 14 hr to remove solid. The filtrate was basi-
fied with sodium hydroxide pellets and extracted with
methylene chloride. The extract was dried and concen-
trated. The residue was divided into two equal parts and
purified by dry column chromatography on two
20" % 13" columns of silica gel which had been deacti-
vated by the development solvent (109% methanol, 1%
concentrated ammonium hydroxide, 89% methylene
chloride). The center portion of the column was cut out
and extracted with the development solvent. The com-
bined extracts were concentrated under reduced pres-
sure and the residue dissolved in ethyl acetate-ethanol
mixture and acidified with concentrated hydrochioric
acid. The hydrochloric acid salt was recrystallized from
ethanol-ethyl acetate mixture. The solid obtained by
filtration was dried at 99° C. for 48 hr to give the title
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compound as the monohydrochloride hemihydrate,
m.p. 120°-123° C.
Analysis: Calculated for CsgHsoNgF2Cl120: C, 635.78;
H, 6.00;: N, 13.34; Found: C, 65.58; H, 5.77; N, 13.47.

EXAMPLE 24

11-[3-(1,3-Dihydro-1,3-dioxo-2H-isoindol-2-yl)propyl]-
6-phenyl-11H-pyrido[2,3-b][1,4]benzodiazepine

To a stirred suspension of 0.56 g (0.023 mole) of so-
dium hydride in 25 ml of anhydrous dimethylformam-
ide was added, portionwise, 5.0 g (0.0184 mole) of 6-
phenyl-11H-pyrido[2,3-b][1,4]benzodiazepine. The re-
_action mixture was warmed to 80°£2° C. for 1 hr and
cooled to room temperature. A solution of 5.55 g (0.020
mole) of N-(3-bromopropyi)phthalimide in 10 ml of
anhydrous dimethylformamide was added dropwise
and after stirring for 16 hr the reaction mixture was
poured into 650 ml of water and stirred for 30 min. The
yellow solid was collected by filtration and recrystal-
lized three times from isopropyl alcohol to give 3.7 g of
product, m.p. 170°-172° C,

Analysis: Calculated for CyoH22N4O32: C, 75.97; H,
4,84: N, 12.22; Found: C, 76.25; H, 4.87; N, 12.34.

EXAMPLE 25

6-Phenyl-11H-pyrido[2,3-b]{1,4]benzodiazepine-11-
propanamine, dihydrochloride, hemihydrate

A mixture of 16.2 g (0.035 mole) of 6-phenyl-11-[3-

" (phthalimido)propyl]-11H-pyrido[2,3-b][1,4]ben-

zodiazepine and 2.29 g (0.387 mole) of hydrazine hy-
drate, 85% in 175 ml of 190 proof ethyl alcohol was
refluxed for 2.5 hr and allowed to stand for 72 hr. A
solution of 10 ml conc. hydrochloric acid in 50 ml of
water was added to the mixture. The mixture was
stirred overnight. The solid precipitate was collected by
filtration and discarded. The filtrate was evaporated
under reduced pressure. The residue, slightly wet, was
- suspended in 200 ml of water, the mixture was stirred
for 2 hr and filtered through celite. The filtrate was
evaporated under reduced pressure and the residue
suspended in 100 ml of 200 proof ethyl alcohol and
evaporated under reduced pressure. The latter proce-
dure was repeated. The crude, damp residue (42.1 g)
was recrystallized from isopropanol with standing for
about 15 hr. The solid, collected by filtration, was dned
at 82° over phosphorus anhydride at 0.1 mm Hg. for 3
hr; m.p. 210°-220° C. (decomp.).

Analysis: Calculated for C4HagCluNgO: C, 61.47; H,
5.65; N, 13.65; Found: C, 61.36; H, 5.72; N, 13.90.

EXAMPLE 26

6-Phenyl-11H-pyridof2,3-b]{1,4]benzodiazepine-11-
propanamine

A portion of the 6-phenyl-11H-pyrido|[2,3-b][1,4]ben-
zodiazepine-11-propanamine, dihydrochloride hemihy-
drate obtained in Example 25 was dissolved in water,
basified with dilute sodium hydroxide, and extracted
with three portions of methylene chloride. The com-
bined methylene chloride extracts were filtered through
a 50-60 g bed of florisil in a sintered glass funnel. The
bed was washed in succession with 1%, 2%, 3% and
5% methanol-methylene chloride mixtures, the filtrates
combined and evaporated under reduced pressure to
give the free base, the title compound.
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EXAMPLE 27

N-{3-[6-Phenyl-11H-pyrido[2,3-b][1,4]}benzodiazepin-
11-yl]propylimethanimidic acid ethy! ester

A solution of 8.8 g (0.021 mole) of 6-phenyl-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine  in
150 ml of triethylorthoformate was heated at reflux for
41 hr and allowed to stand overnight. The mixture was
concentrated in vacuo, the residue washed with pet-
ether (30°-60° C.). Chemical ionization mass spec indi-
cated the product was a mixture containing the title
compound.

EXAMPLE 28

N-Methyi-6-phenyi-11H-pyridof2,3-b][1,4]benzodiaze-
| pine-11-propanamine, dihydrochlonde

Preparation of Imidate Ester

[Procedure of Crochet, T. A. & Blanton, C. D., Jr.
Synthesis 1974 (1) 55-56}]

6-Phenyl-11H-pyrido[2,3-b][1,4}benzodiazepine-11-

propanamine dihydrochloride hemihydrate, 25 g (0.06
mole) from Example 25 was converted to the free base
by partitioning between dilute sodium hydroxide and
methylene chloride, drying and concentrating the meth-
ylene chloride layer to dryness, adding dry benzene and
again concentrating to drive off the benzene. The result-
ing free base was dissolved in 300 ml (267 g; 1.8 mole)
of freshly distilled triethyl orthoformate with refluxing
for 9 hr. The mixture was concentrated in vacuo, etha-
nol was added and the mixture concentrated again.

Conversion of Amidate to Amine

The 23.4 g (0.061 mole) amidate prepared in the fore-
going was dissolved in 200 ml of ethanol and sodium
borohydrate added with stirring at 15°-20° C. until thin
layer chromatography indicated reaction was essen-
tially complete as indicated by absence of substantial
starting material. Fifty ml of water was added slowly
with stirring and cooling continued 15 min after the
water addition. The mixture was then flooded with 2
liters of water and extracted with ethyl acetate. The
ethyl acetate layer was washed with water until neutral
wash was obtained and then saturated with sodium
chioride. The resulting ethyl acetate layer was dried

- and concentrated. Diethyl ether was added and the
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mixture chilled. Some insoluble material was filtered off
and discarded. The ether layer was concentrated and
the product chromatographed on an alumina column
(neutral, activity-1) eluting with ethyl acetate--me-
thanol +traces of triethyl amine. The fractions contain-
ing substantial product (TLLC) were partitioned be-
tween ethyl acetate and aqueous sodium hydroxide.
Ethereal hydrogen chiloride was added to the ethyl
acetate layer and the crystalline product recrystallized
from acetonitrile-water mixture. Melting point of the
product was 139°-141° C.

Analysis: Calculated for CooH4N4Cly: C, 63.62; H,
5.82: N, 13.49; Found: C, 63.81; H, 6.15; N, 13.60.

EXAMPLE 29

N-[3-[6-Phenyl-11H-pyrido{2,3-b][1,4]benzodiazepine-
11-yllpropyljcarbamic acid ethyl ester

To a solution of 1.6 g (0.0045 mole) of 6-phenyl-11H-

pyrido[2,3-b][1,4]benzodiazepine-11-propanamine  in

dry methylene chloride was added 0.53 g (0.0052 mole)

of triethylamine. To this solution was added dropwise,
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while cooling, 0.54 g (0.0050 mole) of ethyl chlorofor-
mate. The mixture was stirred at room temperature for
2 hr. The methylene chloride solution of the product (as
indicated by chemical ionization mass spec) was washed
with dilute sodium hydroxide-sodium chioride satu-
rated aqueous solution and dried and concentrated to
dryness. The residue was triturated in 130pr0pyl ether.
Yield was 1.5 g of title product.

EXAMPLE 30

5,6-Dihydro-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-
b}{1,4]benzodiazepine-11-propanamine,
dihydrochloride hemihydrate

A solution of 3.0 g (0.0064 mole) of N,N-dimethyl-6-
phenyl-11H-pyrido[2,3-b][1,4]benzodiazepine-11-
propanamine in absolute methanol was adjusted to pH
5.6 with methanolic hydrogen chloride solution. To this

solution was added at one time, 0.7 g (0.011 mole) of

NaBH3CN and the reaction mixture was refluxed for 20
min. The ethanol was removed in vacuo and the residue
was partitioned between dilute sodium hydroxide and
methylene chloride. The methylene chloride layer was
dried over magnesium sulfate and concentrated to leave
a residue which was twice crystallized from 2-propanol
and isopropyl ether. A yellow solid, 1.6 g (§7%) was
obtained which loses its crystalline structure on heating
starting at 156°-160° C. with decomposition at
180°-195° C.

Analysis: Calculated for C46HssNgOCls: C, 62.73; H,
6.64: N, 12.72; Found: C, 62.40; H, 6.90; N, 12.61.

EXAMPLES 31a TO 3Ir

Following the procedure of Example 6, the following
methanone compounds:
[2-](3-amino-2-pyridinyl)amino]phenyl]-(4-ethyl-
phenylmethanone, |
[2-[(3-amino-2-pyridinyl)amino}phenyl]-(4-isopropyl-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino |phenyl}-(4-bromo-
phenyl)methanone,
[2-{(3-amino-2-pyridinyl)amino]phenyl]-(4-fluoro-
phenyl)methanone,
{2-[(3-amino-2-pyridinyl)amino]phenyl]-(4-ethoxy-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]|phenyl]-(4-nitro-
phenylmethanone,
[2-[(3-amino-2-pyridinyl)amino}phenyl]-(4-tri-
fluoromethylphenyl)methanone,
[2-[(3-amino-2-pyridinyl)aminophenyl}-(3-methyl-
phenyl)methanone,
[2-{(3-amino-2-pyridinyl)amino]phenyl]-(3-ethyl-
phenyl)methanone,
12-[(3-amino-2-pyridinyl)amino]phenyl] (3-methoxy-
phenyl)methanone, _
[2-[(3-amino-2-pyridinyl)amino]phenyl]-(3-ethoxy-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)aminojphenyl}-(2-nitro-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]phenyl}-(3-tri-
fluoromethylphenyl)methanone,
[2-{(3-amino-2-pyridinyl)amino]phenyl]-(2-methyl-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]phenyl]-(2-ethyl-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]phenyl]-(2-methoxy-
phenyl)methanone,
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[2-[(3-amino-2-pyridinyl)amino]phenyl]-2,4-dichloro-
phenyl)methanone, and
[2-[(3-amino-2-pyridinyl)amino]phenyl]-(3,4,5-trime-
thoxyphenyl)methanone,
> are cyclized to the following pyrldobenzodlazepmes
(a) 6-(4-ethylphenyl)- 11H-pyr1do[2 3-b][1,4]ben-
zodiazepine,
(b) 6-(4-isopropylphenyl)-11H-pyrido[2,3-b][1,4]ben-
zodiazepine,
(c)  6-(4-bromophenyl)-11H-pyrido[2,3-b}{1,4]ben-
zodiazepine, |
(d) 6-(4-fluorophenyl)- IlH-pyndo[Z 3-b][1,4]ben-
zodiazepine,
(e)  6-(4-ethoxyphenyl)-11H-pyrido[2,3-b][1,4]ben-
zodiazepine,
() 6-(4-nitrophenyl)-11h-pyrido[2,3-b][1,4]ben-
(8)

zodiazepine,
6-(4-trifluoromethylphenyl)-11H-pyrido[2,3-

b][1,4]benzodiazepine,

(h) 6-(3-methylphenyl)-11H-pyridof2,3-b][1,4]ben-
zodiazepine,

@, 6-(3-ethylphenyl)-11H-pyrido[2,3-b][1,4]ben-
zodilazepine,

(J) 6-(3-methoxyphenyl)-11H-pyrido[2,3-b]{1,4]ben- -
zodiazepine,

(k)  6-(3-ethoxyphenyl)-11H-pyridof2,3-b]{1,4]ben-

zodiazepine,
D 6-(2-nitrophenyl)-11H-pyrido[2,3-b][1,4]ben-
(m)

zodiazepine,
6-(3-trifluoromethylphenyl)-11H-pyrido|2,3-

b]{1,4]benzodiazepine,

(n)  6-(2-methylphenyi)-11H-pyrido{2,3-b][1,4]ben-
zodiazepine,

(0) 6-(2-ethylphenyl)-11H-pyrido[2,3-b][1,4]ben-

- zodiazepine, |

(p) 6-(2-methoxyphenyl)-11H-pyrido[2,3-b}{1,4]ben-
zodiazepine,

(q) 6-(2,4-dichlorophenyl)- 11H-pyr1do[2 3-
bi{1,4]benzodiazepine, and

(r) 6-(3,4,5-trimethoxyphenyl)-11H-pyrido[2,3-
b][1,4]benzodiazepine.

EXAMPLES 32a TO 320

Following the procedure of Example 3, the following
methanone compounds:
[2-[(3-amino-2pyridinyl)amino}-5-chlorophenyl](-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]-6-chlorophenyl](-
phenyl)methanone,
[2- [(3-ammo-Z-pyndmyl)ammo]-4-bromophenyl](
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]-4-fluorophenyl](-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino}-4-trifluoromethyl-
phenyl](phenyl)methanone,
[2-{(3-amino-2-pyridinyl)amino}-4-methylphenyl](-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]-5-methylphenyl](-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]-6-methylphenyl](-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)aminol-4-ethylphenyl](-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]-4-methoxyphenyi](-
phenylymethanone,
[2-[(3-amino-2-pyridinyl)amino]-4-ethoxyphenyl](-
phenyl)methanone,
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[2-[(3-amino-2-pyridinyl)amino]-4-nitrophenyl](-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]-5-nitrophenyl](-
phenyl)methanone,
[2-[(3-amino-2-pyridinyl)amino]-3-methylphenyl](-
phenyl)methanone, and
[2-[(3-amino-2-pyridinyl)amino]-3- ch]orophenyl](
phenyl)methanone,

are cyclized to the following benzodiazepines:

(a) 8-chloro-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine,
(b) 7-chloro-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine,
(c) 9-bromo-6-phenyl-11H-pyrido[2,3-b]{1,4}ben-
zodiazepine,
(d) 9-fluoro-6-phenyl-11H-pyrido[2,3-b]1,4ben-
zodiazepine,
(e) 6-phenyl-9-trifluoromethyl-11H-pyrido|2,3-
b][1,4]benzodiazepine,
(f) 9-methyl-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine,
(2) 8-methyl-6-phenyl-11H-pyrido]2,3-b][1,4]ben-
- zodiazepine,

(h) 7-methyl-6-phenyl-11H-pyrido[2,3-b][1,4]ben- .

zodiazepine,

(1) 9-ethyl-6-phenyl- 11H-pyr1d0[2 3-b][1,4]ben-
zodiazepine,

() 9-methoxy-6-phenyl-11H-pyrido|2,3-b][1,4]ben-
zodiazepine,

(k) 0- ethoxy-6-phenyl-1 1H-pyrido[2,3-b]{1,4]ben-
zodiazepine,

(1) 9-nitro-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine,

(m) ‘8-nitro-6-phenyl-11H-pyrido{2,3-b][1,4]ben-
zodiazepine,

(n) 10-methyl-6-phenyl-11H-pyrido[2,3-
bl{1,4]brnzodiazepine,

(0)  10-chloro-6-phenyl-11H-pyridof2,3-b][1,4]ben-
zodiazepine.

EXAMPLES 33a TO 33r
Utilizing the procedure to Example 15 but substitut-

ing equal molar amounts of each of the compounds
prepared in Example 31, the following 6-phenyl-sub-
stituted pyridobenzodiazepines are prepared:

(a) 6-(4-ethylphenyl)-N,N-dimethyl-11H-pyrido]|2,3-
b]l1,4]benzodiazepine-11-propanamine,

(b) N,N-dimethyl-6-[4-(1-methylethyl)phenyl]-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine,

(c) 6-(4-bromophenyl)-N,N-dimethyl-11H-
pyrido{2,3-b][1,4}benzodiazepine-11-propanamine,

(d) 6-(4-fluorophenyl)-N,N-dimethyl-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine,

(e) 6-(4-ethoxyphenyl)-N,N-dimethyl-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine,

(f) N,N-dimethyl-6-(4-nitrophenyl)-11H-pyrido|2,3-
b]{1,4]benzodiazepine-11-propanamine,

(g) N,N-dimethyl-6-{4-(trifluoromethyl)phenyl]-11H-
pyrido[2,3-b}[1,4]benzodiazepine-11-propanamine,

(h) N,N-dimethyl-6-(3-methylphenyl)-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine,

(i) 6-(3-ethylphenyl)-N,N-dimethyl-11H-pyridoj2,3-
b]{1,4]benzodiazepine-11-propanamine,

(1) 6-(3-methoxyphenyl)-N,N-dimethyi-11H-
pyrido[2,3-b]j[1,4]benzodiazepine-11-propanamine,
(k) 6-(3-ethoxyphenyl)-N,N-dimethyl-11H-

nyrido[2,3-b][1,4]benzodiazepine-11-propanamine,
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() N,N-dimethyl-6-(2-nitrophenyl)-11H-pyridof2,3-
b}[1,4]benzodiazepine-11-propanamine,

(m) N,N-dimethyl-6-[4-(trifluoromethyl)phenyl]-
11H-pyrido[2,3-b][1,4]benzodiazepine-11-propana-
mine,

(n) N,N-dimethyl-6-(2-methylphenyl)-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine,

(o) 6-(2-ethylphenyl)-N,N-dimethyl-11H-pyrido[2,3-
b][1,4]benzodiazepine-11-propanamine,

(p) 6-(2-methoxyphenyl)-N,N-dimethyl-11H-
pvrido[2,3-b][1,4]benzodiazepine-11-propanamine,

(@) 6-(2,4-dichlorophenyl)-N,N-dimethyl-11H-
pyrido[2,3-b]{1,4]benzodiazepine-11-propanamine,
and

(r) N,N-dimethyl-6-(3,4,5-trimethoxyphenyl)-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine.

EXAMPLES 34a TO 340

Utilizing the procedure of Example 13 but substitut-
ing equal molar amounts of the compounds prepared in
Example 32 for 9-chloro-6-phenyl-11H-pyrido|[2,3-
b][1,4]benzodiazepine, the following pyridobenzodiaze-
pines are prepared:

(a) 8-chloro-N,N-dimethyl-6-phenyl-11H-pyrido|2,3-

bl{1,4]Jbenzodiazepine-11-propanamine,

(b) 7-chloro-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-

bj[1,4]benzodiazepine-11-propanamine,

(c) 9-bromo-N,N-dimethyl-6-phenyl-11H-pyrido}2,3-

b]{1,4]benzodiazepine-11-propanamine,

(d) 9-fluoro-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-

b][1,4]benzodiazepine-11-propanamine,

(e) N,N-dimethyl-6-phenyl-9-(trifluoromethyl)-11H-

nyrido[2,3-b}{1,4]benzodiazepine-11-propanamine,

3, N,N,9-trimethyl-6-phenyl-11H-pyrido[2,3-

b][1,4]benzodiazepine-11-propanamine,

(2) N, N, 8-trimethyi-6-phenyl- 11H-—pyr1d0[2 3-

b][1,4]benzodiazepine-11-propanamine,

(h) N,N,7-trimethyl-6-phenyi-11H-pyridoj2,3-

b]{1,4]benzodiazepine-11-propanamine,

(i) 9-ethyl-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-

b}{1,4]benzodiazepine-11-propanamine,

1), 9-methoxy-N,N-dimethyl-6-phenyl-11H-

pyrido[2,3-b][1,4]Jbenzodiazepine-11-propanamine,
(k) 9-ethoxy-N,N-dimethyl-6-phenyl-11H-pyrido{2,3-

b][1,4]benzodiazepine-11-propanamine,

(1) N,N-dimethyl-9-nitro-6-phenyl-11H-pyrido[2,3-
b][1,4]benzodiazepine-11-propanamine,

(m) N,N-dimethyl-8-nitro-6-phenyl-11H-pyrido]2,3-
bl{1,4}benzodiazepine-11-propanamine,

(n) N,N-10,trimethyl-6-phenyl-11-H-pyrido{2,3-
bl[1,4]benzodiazepine-11-propanamine, and

(0) 10-chioro-N,N-dimethyl-6-phenyl-11h-
pyrido[2,3-b][1,4)benzodiazepine-11-propanamine.

EXAMPLES 35a TO 35¢

Following the procedure of Example 1 and substitut-
ing equal molar amounts of the following for 3-amino-2-
chloropyridine:

4-amino-3-chloropyridine,

3-amino-4-chloropyridine, and

2-amino-3-chloropyridine,
there are obtained:

(a) 6-phenyl-11H-pyrido[3,4-b][1,4]benzodiazepine,

(b) 10-phenyl-5H-pyridof4,3-b][1,4}benzodiazepine,

and

(c) 10-phenyl-5H-pyrido[3,2-b][1,4-]benzodiazepine.
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EXAMPLES 36a TO 36c

- Following the procedure of Example 3, the follow-
ing:
[2-[(4-amino-3-pyridinyl)amino]phenylmethanone,
[2-[(3-amino-4-pyridinyl)amino]phenylmethanone,
and .
[2-[(2-amino-3-pyridinyl)amino]phenylmethanone,
are converted to: |
(a) 6-phenyl-11H-pyrido[3,4-b][1,4]benzodiazepine,
(b) 10-phenyl-5H-pyrido[4,3-b][1,4]benzodiazepine,
and
(c) 10-phenyl-SH-pyrido|[3,2-b][1,4]benzodiazepine.

EXAMPLES 37a TO 37c

Following the procedure of Example 9 and substitut-
ing equal molar amounts of the following for 6-phenyl-
11H-pyrido[2,3-b][1,4]benzodiazepine:

6-phenyl-11H-pyrido{3,4-bl{1,4]benzodiazepine,

10-phenyl-SH-pyrido}4,3-b}{1,4]benzodiazepine, and
10-phenyl-5SH-pyridof3,2-bl{1,4}Jbenzodiazepine,
there are obtained:

(a) N,N-dimethyl-6-phenyl-11H-pyrido{3,4-

bl{1,4]benzodiazepine-11-propanamine fumarate,

(b) N,N-dimethyl-10-phenyl-5H-pyrndo{4,3-
b][1,4]benzodiazepine-5-propanamine  fumarate,
and

(c) N,N-dimethyl-10-phenyl-SH-pyrido[3,2-

b][1,4]benzodiazepine-5-propanamine fumarate.

EXAMPLE 38

5,6-Dihydro-6-phenyl-N-methyl-11H-pyrido|2,3-
b][1,4]benzodiazepine-11-propanamine

To a solution of 1.4 g (0.0035 mole) of N-[3-[6-
phenyl)-11H-pyrido[2,3-b}{1,4]benzodiazepine-11-
yi]propyl]carbamic acid ethyl ester (from Example 29)
in tetrahydrofuran under nitrogen gas was added 0.4 g
-(0.0105 mole) of lithjum aluminum hydride ‘and slight
exothermic reaction occurred. The mixture was cooled
to prevent overheating. The mixture was stirred at re-
flux temperature for 16 hr. Thin layer chromatography
indicated only partial conversion had occurred. An
additional 0.4 g (0.0105 mole) of lithium aluminum hy-
dride was added and the mixture refluxed overnight.
Thin-layer chromatography indicated the product was
predominantly the title compound.

EXAMPLE 39
6-(2-Thienyl)-11L H-pyrido[2,3-b][1,4]benzodiazepine

Following the procedure of Example 20, [2-f(3-
amino-2-pyridinyl)amino]phenyl}(2-thienyl)methanone
1s heated with para toluene sulfonic acid catalyst in
organic solvent while removing water in a Dean-Stark
trap to give the title compound.

EXAMPLE 40
6-(3-Thienyl)-11H-pyrido[2,3-b][1,4]benzodiazepine

Following the procedure of Example 20, [2-[(3-
amino-2-pyridinyl)amino|phenyl]}(3-thienyl)methanone
i1s heated with para toluene sulfonic acid catalyst in
organic solvent while removing water in a Dean-Stark
trap to give the title compound.
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EXAMPLE 41
6-(2-Pyridinyl)-11H-pyrido|2,3b}{1,4]benzodiazepine

Following the procedure of Example 3, [2-[(3-amino-
2-pyridinyl)amino]phenyl](2-pyridinyl)methanone  is
cyclized to the title compound. '

EXAMPLE 42
6-(3-Pyridinyl)-11H-pyrido[2,3-b}{1,4]benzodiazepine

Following the procedure of Example 3, [2-[(3-amino-
2-pyridinyl)amino]phenyl](3-pyridinyl)methanone  is
cyclized to the title compound.

EXAMPLE 43

6-(4-Pyridinyl)-11H-pyrido[2,3-b]{1,4]benzodiazepine

Following the procedure of Example 3, |2-[(3-amino-
2-pyridinyl)amino]phenyl](4-pyridinyl)methanone s
cyclized to the title compound. |

EXAMPLE 4

N,N-Dimethyl-6-(2-thienyl)-11H-pyrido[2,3-b][1,4]ben-
zodiazepine-11-propanamine

Foliowing the procedure of Example 23, 6-(2-
1S re-
acted with sodium hydride followed by reaction with
3-dimethylaminopropyl chloride to give the title com-
pound.

EXAMPLE 45

N,N-Dimethyl-6-(3-thienyl)-11H-pyrido[2,3-b][1,4]}ben-
zodiazepine-11-propanamine

Foliowing the procedure of Example 23, 6-(3-
thienyl)-11H-pyrido[2,3-b][1,4]benzodiazepine is re-
acted with sodium hydride followed by reaction with
3-dimethylaminoproyl chloride to give the title com-
pound.

EXAMPLE 46

N,N-Dimethyl-6-(2-pyridinyl)-11H-pyrido[2,3-
bli1,4]benzodiazepine-11-propanamine

Following the procedure of Example 23, 6-(2-
pyridinyl)-11H-pyrido[2,3-b][1,4]benzodiazepine is re-
acted with sodium hydride followed by reaction with

3-dimethylaminopropyl chloride to give the title com-
pound. |

EXAMPLE 47

N,N-Dimethyl-6-(3-pyridinyl)-11H-pyrido][2,3-
b]|1,4)benzodiazepine-11-propanamine

Following the procedure of Example 23, 6-(3-
pyridinyl)-11H-pyrido[2,3-b][1,4]benzodiazepine is re-
acted with sodium hydride followed by reaction with
3-dimethylaminopropyl chioride to give the title com-
pound.

EXAMPLE 48

N,N-Dimethyl-6-(4-pyridinyl)-11H-pyrido|2,3-
b][1,4]benzodiazepine-1 11-propanamine

Following the procedure of Example 23, 6-(4-
pyridinyl)-11H-pyridof2,3-b][1,4]benzodiazepine is re-
acted with sodium hydride followed by reaction with
3-dimethylaminopropyl chloride.
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EXAMPLES 49a TO 49q

Following the procedure of Example 6, the following
methanone compounds of Intermediate 135:
[2-[(3-amino-4-methyl-2-pyridinyl)amino]phenyl]-
phenylmethanone, |
[2-[(3-amino-5-methyl-2-pyridinyl)amino]phenyl]-
phenylmethanone, ;
[2-[(3-amino-6-methyl-2-pyridinyl)amino]phenyl}-
phenylmethanone, ‘[2-[(3-amino-5,6-dimethyl-2-
pyridinyl)amino]jphenyl]phenylmethanone,
[2-[(3-amino-6-methoxy-2-pyridinyl)amino]phenyl]-
phenylmethanone,
[2-[(3-amino-2-methyl-4-pyridinyl)aminojphenyl]-
phenylmethanone, and
[2-[(3-amino-5-methoxy-2-pyridinyl)amino]phenyl]-
phenyl]-phenylmethanone,
are converted to the following pyridobenzodiazepines:
(a) 4-methyl-6-phenyl-11H-pyrido[2,3-b]{1,4-ben-
zodiazepine,
(b) 3-methyl-6-phenyl-11H-pyrido{2,3-b}{1,4]ben-
zodiazepine,
(¢) 2-methyl-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine,
(d) 2,3-dimethyl-6-phenyl-11H-pyridof2,3-b][1,4]ben-
zodiazepine,
(e) 2-methoxy-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine,
(f) 1-methyl-10-phenyl-SH-pyrido[4,3-b][1,4]ben-
zodiazepine, and
(g) 3-methoxy-6-phenyl-11H-pyrido[2,3-b][1,4]ben-
zodiazepine.

EXAMPLES 50a TO 50g

Following the procedure of Example 23, the pyrido-
benzodiazepines prepared in Example 49 are reacted
with sodium hydride and 3-dimethylaminopropyl chlo-
- ride to give the following:

(a) N,N,4-trimethyi-6-phenyi-11H-pyrido|2,3-
b]{1,4]benzodiazepine-11-propanamine,

(b) N,N,3-trimethyl-6-phenyl-11H-pyrido|[2,3-
b][1,4]benzodiazepine-11-propanamine,

(c) N,N,2-trimethyl-6-phenyl-11H-pyrido[2,3-
b]{1,4]benzodiazepine-11-propanamine,

(d) N,N,2,3-tetramethyl-6-phenyl-11H-pyrido|[2,3-
bl[1,4]benzodiazepine-11-propanamine,

(e) 2-methoxy-N,N-dimethyl-6-phenyl-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine,

() N,N, 1-trimethyl-10-phenyl-SH-pyridof4,3-

b][1,4]benzodiazepine-3-propanamine, and

(g) 3-methoxy-N,N-dimethyl-6-phenyl-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine.

EXAMPLES 51a TO 5lc

Following the procedure of Example 22 but substitut-
ing the following for [2-[(3-amino-2-pyridinyl)amino]-
phenyl](4-fluorophenyl)methanone:

[2-[(3-amino-2-pyridinyl)amino]phenyl](2-fluoro-

phenyl)methanone,

[2-[(3-amino-2-pyridinylyamino]phenyl](2-chloro-

phenyl)methanone, and

[2-[(3-amino-2-pyridinyl)amino jphenyl}(2-bromo-

phenyl)methanone,
there are obtained:

(a) 6-(2-fluorophenyl)-11H-pyrido[2,3-b][1,4}ben-

zodiazepine,

(b)  6-(2-chlorophenyl)-11H-pyridof2,3-b][1,4]ben-

zodiazepine, and
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(c)  6-(2-bromophenyl)-11H-pyrido[2,3-b]{1,4]ben-
zodiazepine.

EXAMPLES 52a TO 52c¢

Following the procedure of Example 23, substituting
the following pyrido[l,4)benzodiazepines for 6-(4-
fluorophenyl)-11H-pyrido[2,3-b][1,4]benzodiazepine:

6-(2-fluorophenyl)-11H-pyrido{2,3-b][1,4]ben-
zodlazepine,

6-(2-chlorophenyl)-11H-pyrido[2,3-b][1,4]ben-
zodiazepine, a
6-(2-bromophenyl)-11H-pyridof2,3-b][1,4]ben-
zodiazepine,
there are obtained:

(a) 6-(2-fluorophenyl)-N,N-dimethyl-11H-pyrido{2,3-
b][1,4]benzodiazepine-11-propanamine, m.p. -
92°-94° C.; recrystallizing solvent isopropyl al-
cohol-isopropyl ether,

(b) 6-(2-chlorophenyl)-N,N-dimethyl-11H-
pyrido]2,3][1,4]benzodiazepine-11-propanamine,
m.p. 104°~105° C.; recrystallizing solvent: isopro-
pyl ether, and

(c) 6-(2-bromophenyl)-N,N-dimethyl-11H-
pyrido[2,3-b][1,4]benzodiazepine-11-propanamine,
m.p. 96°-98° C.; recrystallizing solvent: isopropyl
ether.

EXAMPLES 53a AND 53b

Following the procedure of Example 9, the following
are substituted for 3-dimethylaminopropyl chloride:
3-dimethylamino-2-methylpropyl chloride, and
4-dimethylaminobutyl chloride,
there are obtained:

(a) N, N, 3-trimethyl-6-phenyl-11H-pyrido[2,3-
b][1,4]benzodiazepine-11-propanamine fumarate,
and

(b) N,N-dimethyl-6-phenyl-11H-pyrido[2,3-

b][1,4]benzodiazepine-11-butanamine fumarate.

EXAMPLES 54a AND 54b

When in the procedure of Example 11 the following
are substituted for 4-(3-chlorophopyl)morpholine hy-
drochlornide:

1-(3-chloropropyl)pyrrolidine hydrochloride, and

1-(3-chloropropyl)-4-methylpiperazine  hydrochlo-

ride,
there are obtained:
6-phenyl-11-[3-(1-pyrrolidinyl)propyl]-11H-
pyrido[2,3-b][1,4]-benzodiazepine, and
6-phenyl-11-{3-(4-methyl-1-piperazinyl)propyl]-11H-
pyrido[2,3-b][1,4]benzodiazepine.

EXAMPLES 55a TO 55¢

When in the procedure of Example 9 the following
are substituted for 6-phenyl-11H-pyrido[2,3-b}{1,4]ben-
zodiazepine:

8-methyl-6-phenyl-11H-pyrido[3,4-b][1,4]ben-

zodiazepine,
6-(4-chlorophenyl)-11H-pyrido{3,4-b][1,4]ben-
zodiazepine, and
3-methoxy-6-phenyl-11H-pyrido[3,4-b][1,4]ben-
zodiazepine, -
there are obtained:

(a) 'N,N, 8-trimethyl-6-phenyl-11H-pyrido[3,4-

b]{1,4]benzodiazepine-11-propanamine, and

(b) 6-(4-chlorophenyl)-N,N-dimethyl-11H-

pyrido[3,4-b][1,4]benzodiazepine-11-propanamine,
and
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(c) 3-methoxy-N,N-dimethyl-6-phenyl-11H- (d) 6-(2-bromophenyl)-8-chloro-11-methyl-11H-
pyrido[3,4-bli1,4]Jbenzodiazepine-11-propanamine. pyrido[2,3-b][1,4]benzodiazepine, m.p. 121°-123°

'y 12} lvent: | ether.
EXAMPLES 56a TO 56d C., recrystallizing solvent: 1sopropyl ether

When in the procedure of Example 17 the following 5 EXAMPLE 57
are substituted for 8-chloro-6-phenyl-11H-pyrido{2,3- N-Methyl-N-[3-(11H-pyridof2,3-b][1,4]benzodiazepine-
b][1,4]benzodiazepine: | 11-yDpropyl]carbamic acid methyl ester
6-phenyl-11H-pyrido[2,3-b][1,4]benzodiazepine,
8-chloro-6-(2-nitrophenyl)-11H-pyrido[2,3-
b][1,4]benzodiazepine, 10
8-chloro-6-(2-chlorophenyl)-11H-pyrido[2,3-
bi{1,4}benzodiazepine, and
8-chloro-6-(2-bromophenyl)-11H-pyrido[2,3-

The title compound is prepared by reacting 6-phenyl-
11H-pyrido[2,3-b]{1,4]benzodiazepine and (3-chloro-
propyl)methylcarbamic acid methyl ester.

EXAMPLE 58
9-Hydroxy-N,N-dimethyl-6-phenyl-11H-pyrido|2,3-

ther : 1‘[1_18,4(11;fgzzgiazepine, s b][1,4]benzodiazepine-11-propanamine
(@) 1l-methyl-6-phenyl-11H-pyrido{2,3-b][1,4]ben- The title compound is prepared by reacting 11-[3-
zodiazepine, (dimethylamino)propyl]-9-methoxy-6-phenyl-11H-
(b) 8-chloro-11-methyl-6-(2-nitrophenyl)-11H- ~ pyrido[2,3-b][1,4]benzodiazepine with hydrogen iodide
pyrido[2,3-b][1,4]benzodiazepine, m.p. 165°-166°  and glacial acetic acid.
C., recrystallizing solvent: ethyl alcohol, 20

EXAMPLE 59

3-Hydroxy-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-
b]{1,4Jbenzodiazepine-11-propanamine

(c) 8-chloro-6-(2-chlorophenyl)-11-methyl-11H-
pyrido[2,3-b][1,4]benzodiazepine, m.p. 150°-152°
C., recrystallizing solvent: isopropyl alcohol-iso-

propy! ether, and The title compound is prepared by reacting 3-

25 methoxy-N,N-dimethyl-6-phenyl-11H-pyrido[2,3-
b][(1,4]benzodiazepine-11-propanamine with hydrogen
iodide and glacial acetic acid.

TABLE 2
Ex- -
ample R Ar Y Z 1 Salt
1%
- 3
n
Oty
_ ]
] H C¢Hs— H H 0 —
2 H CsHs H 8-Cl 0 —
3 H Ce¢Hs H 9-Cl 0 —
4 H 2-Cl—CgHg= H 8-Cl - 1 —
5 H 4-Cl—CgHy H H 0 —
6 H 4-CH3—CcHs— H H 0 —
7 H 4-OCH3—CgHs— H H 0 —
8 —(CH3)3—N(CH3)3 CeHs— H 8-Cl 0 oxalate
9 —(CH>)3;—~N(CH3)» CeHs— H H 0  fumarate
10 ~(CH3)>N(CH3)> CgHs— H H 0 fumarate
11 —~(CH3)3*—4-morpholinyl CeHs— H H 0 fumarate
12 . ==(CH2)3—N{C2Hs)> CgHs— H H 0 oxalate
13 —(CH3)3—N(CH3)» CgHg H 9-Cl 0 fumarate
14 -={CH3)3—1-piperidinyl CeHs— H H 0 fumarate
15 —(CH>3)3=—N(CH3)» 4-Cl—CgHyq— H H 0 fumarate
16 ~(CH3)2—N(CH3)> CegHs— H 8-Cl 0 oxalate
17 —CH;3 CeHs— H 8-Cl 0 —
18 —(CHj3)3—N(CH3)> 4-CH3y=—CgHy— H H 0 fumarate
19 ~—(CH>3)3—N(CH3); 4-OCH3—CgHg— H H 0 fumarate
20 H 3-Cl—CcHy— H H 0 —
21 —(CH»,)3—N(CH3), 3-Cl~—CgHg4 H H 0 fumarate
22 H $-F—CsHq— H H 0 —
23 —(CH;)3—N(CH3)> 4-F—CeHyg— H H 0 HCI,
3 HyO
24 ~—(CH3)3=1-phthalimido CeHs— H H 0 —
25 -(CH31)3—NH> Ce¢Hs5— H H 0 2HCI,
2H,0
26 —(CH3)3—NH> ~ CeHs= H H 0 —
27 —{(CH»)3=N=CH~—0C>Hjs CeHs— H H 0 —
28 —{CHj3);—NHCH3; CeHs— H H 0 2HCI
29 ~(CH3)3~NHC(O)—-0OC>Hj5 CeHs— H H 0 —
30 ~=(CH3)3~—N{(CH3)» C¢Hs— H H 1 2HCI,
. 0.5H,0O
31(a) H 4-CrHs—CcH4— H H 0 —
(b) H 4-1-C3H7—CgHs— H H 0 —
(c) H 4-Br—CgHgq— H H 0 —
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TABLE 2-continued

m__““_m__ﬂ__“'—'“m

Ex-
ample K Ar Y Z n Salt
(d) H 4.F—CsHg— H H 0 _—
(e) H o 4-OCyH5s—CgHyg— H H 0 .
(H) H 4-NQOy—=CeHg— H H 0 —
(8) H 4-CFy—CgHy— H H 0 —
(h) H 4-CHy—CcHy— H H 0 —
(1) H 3-CoHs=—CgH4= H H 0 —
G) H 3-OCH3—CsHs— H H 0 _
(k) H 3-OCyHs5—CgHg— H H 0 o
(1) H 2-NOy=—-CgHas— H H 0 —_
(m) H 3-CF3—=C¢Hg— H H 0 —
(n) H 2-CH3=CgHs— H H 0 —
(00 H 2-CyHg—CeHg H H 0 —
(p) H 2-OCH3—CgHa H H 0 —
(q) H 2,4(Cl)—CgH3— H H 0 —
(r) H 3,4,5-(OCH3)3—CgHs— H H 0 —
32(a) H CeHs— H 8-Cl 0 —_
(b) H Cels— H 7-Cl 0 —
(c}y H Celtls— H 5-Br 0 —
(d) H CeHs— H 0.F 0 —
(e} H CeHs— H 9-CF; 0 —
() H CeHs5=— H 9-CH3 0 —
(gy H CeHs— H 8-CHj 0 —_
(hy H CeHs— H 7-CH3 0 —
(1) H CgHs— - H 9-C>Hjs 0 —
g) H CeHs— H 9-OCH3 0 —
(k} H CeHs— H 9-OCaHs 0 —
) H CeHs=— H 9-NO; 0 —
(m) H CeHs— H 8.NO; O —
(n) H CeHs— H 10-CH; O —
(0) H CgHs= H 10-Cl 0 —
33(a) —(CHjz)3—N(CH3)2 4-CoHs—=CgHs— H H 0 —
(b) - (CH2)3—N(CH3)» 4-i-C3H+~—CgHg— H H 0 —
(¢c) —(CHjz)3—N(CH3) 4-Br—CgHq— H H 0 —
(d) —(CH32)3—N(CH3)2 4-F—CgHy~ H H 0 —
() —(CH32)3—N(CH3)2 4-OCoHs—CgHg— H H 0 —
f) —(CHz)3—N(CH3)z 4-NO;—CgHy~— H H 0 —
(g) —(CH32)3=N(CH3)2 4-CF3—CeHgs— H H 0 —
(h) —(CHj)3=—N(CH3s)2 3-CH3~=CgHg— H H 0 —
(i)  =—(CHjz)3=—=N(CHj3): 3-CyHs==CsHa— H H 0 —
() —(CH2}3=—=N(CH3)» 3-OCHy=—=CsHy— H H 0 —
(k) =—(CHjz);—N(CHs3)2 3-OCHs=—CgHg— H H 0 —
()  =—(CH3)3=—N(CH3)z 2-NOp=—CgHyg— H H 0 —
(m) —(CHj)3—N(CH3)2 3-CF3—CgHg— H H 0 —
(n) —(CHj)3—N(CH3i) 2-CH3—CgHyg— H H 0 —
(0) —(CHz)3=N(CH3)2 2-CoHs—CgHy— H H 0 —
(p) —(CH3)3=N(CH3)z 2-OCH3—CeHyg— H H 0 —
(@9 —(CHjy)3—N(CH3)2 2,4-(Cl);—CgH3— H H 0 —
(r) =—(CH2)3—N(CHas)2 3,4,5-(OCH3)3—CgH2 H H 0 —
34a) =—(CHj)3—N(CHa3)2 C¢Hs— H 8-Cl 0 —
(b) =—(CH2)3—N(CH3): CgHs— H 7-Cl 0 —
(c) —(CHj3)3—N(CH3)> CgHs— H 9-Br 0 —
(dy —(CHjz)3—N(CH3) CeHs— H 9.F 0 —
() —{(CHj)3—N(CH3): Ce¢Hs— H 9-CF3 0 —
(f) —(CHjz)3—N(CH3); CeHs— H 9-CHj3 0 —
(g) —(CH2)3=N(CH3z)2 CoH5— H 8-CH3 0 —
(h) —(CH3)3—N(CHz3): Ce¢Hs— H 7-CH3 0 —
(i) —(CHj)3—N(CH3)> CeHs— H 9-CoHjs 0 —
()  =(CHj);—N(CHz)2 CeHs— H 9-OCH3; O —
(k) =(CHz)3—N(CH3)2 CeHs— H 9-0C>Hs O —
() —(CH2)3—N(CH3): CeHs~— H 9-NO> 0 —
(m) —(CHj)3—=N(CH3)2 CeHs— H 8-NO» 0 —
(n) =(CH3)3—N(CH3)2 CeHs— H 10-CHj3 0 —_
(0) —(CH2)3—N(CH3); CeHs H 10-Cl 0 —
38 —(CH»)3;NHCH3 CgHs— H H 1 —
39 H 2-thienyl H H 0 —_
40 H 3-thienyl H H 0 —
41 H 2-pyridinyl H H 0 —
42 H 3-pyridinyl H H 0 -
43 H 4-pyridinyl H H 0 —
44 —(CH3)3—N(CHz3), 2-thieny! H H 0 _
45 —(CH3)3=N(CH3)» 3-thienyl H H 0 —
46 = (CH3)3=N(CH3) 2-pyridinyl H H 0 —
47 —(CH>»)3—=N(CH3)» 3-pyridinyl H H 0 —
48 —(CH3)3—N(CH3), 4-pyridinyl H H 0 —
49(a) H CsHs— 4-CH; H 0 —
(b) H CgHs— 3-CH» H 0 —_
(¢) H CeHs= 2-CH; H 0 ——
(dd H C¢Hs™ 2,3-(CH3); H
(e) H CgHg=™ 2-OCH- H 0 —
(g H C¢Hs— 3-OCHj3 H 0 —
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TABLE 2-continued

Ex-

ample R Ar . Y Z n Salt

5(a) —(CH3)3—N(CH;3); | CeHs— 4-CH3 H 0 —
(b) —(CHz)3—N(CH3), = CeHs— 3-CH3 H 0 —
(c) —(CHz2)3=N(CH3); CeHs— 2-CHj3 H 0 —
(d) —(CH)3—N(CH3); CeHs— 2,3-(CH3)2 H 0 —
() —(CH3z)3—N(CH3z); CeHs— . 2-OCH3 H 0 —
(g) —(CH2)3=—N(CH3) CeHs— 3-OCH3 H 0 —

51a) H 2-F—Cg¢H4q™ H H 0 —
(b) BH 2-Cl—Ce¢Hyg— H H 0 —_
(c) H 2-Br—CgHg~~ H H 0 —

52(a) —(CHjy)3—N(CH3i); 2-F=—CcH4q H H 0 —

(b) —(CH3z)3—N(CH3)2 2-Cl=—Cg¢Hyg— H H 0 —
(¢) —(CHj)i;—N(CHj) 2-Br—Cg¢Hy H H 0 —
53(a) —CH->CH(CH3;)CH;—N(CH3)> CegHs— H H 0 fumarate

(b) ~—(CH»)4—N(CH3)» Ce¢Hs— H H 0 fumarate
54(a) —(CH))3= l-pyrrolidinyl Ce¢Hs— H H 0 —_
(b) —(CHj);—4-methylpiperazin-1-yl = CgHs— H H 0 —
56(a) =—CHj; C¢Hs— H H 0 —
(by —CHj3 2-NOy=—CgHy— H 8-Cl 0 —
(c¢) =—CHsj3 2-Cl—CgHy— H 8-Cl 0 —
(d —CH; 2-Br—CgH 4~ H 8-Ci 0 —
57 —(CHj)3=N(CH3)— C(OYOCHj3 CsHs— H H 0 —_
58 —(CH>)3—N(CH3)» CeHs— H 9-OH 0 —
59 -=(CH3)3—N(CH3)» Ce¢Hs— 3-OH H 0 —
35a) H CegHs= H H 0 —
36(a) H CeHs™ H H 0 —_
37(a) ~=(CH»)3=N(CH3)» CeHs— H H 0 fumarate
55(a) —(CH>3)3—N(CH3)» CeHs— H 8-CHj3 0 —
(b) —(CH2)3—N(CH3); CeHs— 3-OCHj3 H 0 —
(¢) —(CH2)3—N(CH3)2 CeHs— H H 0 —
35(b) H CeHs— H H 0 —
36(b) H - Ce¢Hgs~— H H 0 —
37(b) —(CHjy)3=—N(CH3)2 CeHs— H H 0 fumarate
49(H) H CeHs— 1-CH3 H 0 —
50(f) —(CH2)3—N(CH3)2 CeHs=— 1-CH3 H 0 —
(H)x
Ary
N
i1
z (H)ﬂ Y
5
N
:
R
35(c) H CeHs— H 0 —
36(c) H CeHg— H H 0 —
37(c) ~—{(CH>»)3—N(CH3)» Ce¢Hs— H 0 fumarate

Formulation and Administration

Effective quantities of the foregoing pharmacologi- 65 usual forms, such as orally in solutions, emulsions, sus-
cally active compounds of formula Ip or Formula II pensions, pills, tablets and capsules, in pharmaceutically
may be administered to humans for therapeutic pur- acceptable carriers and parenterally in the form of ster-
poses according to usual modes of administration andin ile solutions.
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Exemplary of solid carriers for oral administration
are such as lactose, magnesium, stearate, terra alba,
sucrose, talc, stearic acid, gelatin, agar, pectin or acacia.

Exemplary of liquid carriers for oral administration
are vegetable oils and water. >

For intramuscular administration the carrier or excip-
ient may be a sterile, parenterally acceptable hquid; e.g.,
water or a parenterally acceptable oil; e.g., arachis oil
contained in ampules.

Although very small quantities of the active materials
of the present invention are effective when minor ther-
apy is involved or in cases of administration to subjects
having a relatively low body weight, unit dosages are
usually from five milligrams or above and preferably 10,
25, 50, or 100 milligrams or even higher, preferably
administered three or four times per day, depending, of
course, upon the emergency of the situation, the com-
pound used, and the particular result desired. Twenty-
five to 200 milligrams appears optimum per unit dose or
usual broader ranges appear to be about 10 to 500 milli-
grams per unit dose. Daily dosages usually required
should range from about 0.3 to about 20 mg/kg/day,
preferably 0.3 to 10 mg/kg for the more active com-
pounds. The active ingredients of the invention may be
combined with other compatible pharmacologically
active agents. It is only necessary that the active ingre-
dient constitute an effective amount; i.e., such that a
suitable effective dosage will be obtained consistent
with the dosage form employed. Obviously, several unit
dosage forms may be administered at about the same
time. The exact individual dosages as well as daily dos-
ages will, of course, be determined according to stan-
dard medical principles under the direction of a physi-
cian.

The following formulations are representative for the
- pharmacologically active compounds of this invention.

FORMULATIONS
1. Capsules

10

15

20

25

30

35

Capsules of 10 mg and 50 mg of active ingredient per
capsule are prepared. With the higher amounts of active
ingredient, reduction may be made in the amount of

lactose. 45

10 mg. 50 mg.
Typical blend for encapsulation Per Capsule Per Capsule
Active ingredient, as salt 10 50 50
Lactose 259 219
Starch 126 126
Magnesium stearate 4 4
Total 399 399

35
Additional capsule formulations preferably contain a

higher dosage of active ingredient and are as follows:

100 250 500
mg. per mg. per mg. per 60
Ingredients Capsule Capsule Capsule
Active ingredient, 100 250 500
as salt
Lactose 214 163 95
Starch 87 81 47 65
Magnesium stearate 4 6 8
Total 399 500 650

52

In each case, uniformly blend the selected active
ingredient with lactose, starch, and magnesium stearate
and encapsulate the blend.

2. Tablets

A typical formulation for a tablet containing 5.0 mg
of active ingredient per tablet follows. The formulation
may be used for other strengths of active ingredient by
adjustment of weight of dicalcium phosphate.

Per Tablet, mg.

1. Active imngredient 10.0
2. Corn starch 15.0
3. Corn starch (paste) 12.0
4, Lactose 35.0
5. Dicalctum phosphate 132.0
6. Calctum stearate 2.0

Total 202.0

Uniformly blend 1, 2, 4 and 5. Prepare 3 as a 10 per-
cent paste in water. Granulate the blend with starch
paste and pass the wet mass through an 8 mesh screen.
The wet granulation is dried and sized through a 12
mesh screen. The dried granules are blended with the
calcium stearate and compressed.

3. Injectable—2% sterile solution

Per cc
Active ingredient mg 20
Preservative, e.g., 0.5

chlorobutanol, w/vol. percent
Water for injection q.s.

Prepare solution, clarify by filtration, fill into vials,
seal and autoclave.

Various modifications and equivalents will be appar-
ent to one skilled in the art and may be made in the
compounds, compositions and methods of the present
invention without departing from the spirit and scope
thereof, and it is therefore understood that the invention
is to be limited only by the scope of the appended
claims.

What 1s claimed 1is:

1. A compound selected from the group having the
formula:

wherein;

R is —alkl--NRIR?;

NRIR? is selected from the group consisting of 1-
piperidinyl, 1-phthalimido, 1-pyrrolidinyl, 4-mor-
pholinyl, 1-piperazinyl and 4-substituted-1-
piperazinyl;

B is selected from carbonyl, thioxomethyl,
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Ar is selected from the group consisting of 2, 3 and 4
pyridinyl, 2 or 3 thienyl, phenyl or phenyl substi-
tuted by 1 to 3 radicals selected from halo, loweral-
kyl, loweralkoxy, trifluoromethyl or nitro and may
be the same or different;

alk! is a straight or branched hydrocarbon chain con-
taining 1-8 carbon atoms;

Z 1s selected from the group consisting of hydrogen,
halogen, loweralkyl, loweralkoxy, hydroxy or ni-
tro;

Y 1s selected from the group consisting of hydrogen
or 1-2 radicals selected from loweralkyl, loweralk-
oxy or hydroxy and may be the same or different;

or a pharmaceutically acceptable acid addition salt
thereof.

2. A method of treating depression in a living animal
which comprises administering thereto an effective
amount for treating depression of a compound having
the formula:

Ar

H)N

wherein;

R is —alk!—NRIR?;

NRIR? is selected from the group consisting of 1-
piperidinyl, l-pyrrolidinyl, #-morpholinyl, 1-
piperazinyl and 4-substituted-1-piperazinyl; |

alk! is a straight or branched hydrocarbon chain con-
taining 1-8 carbon atoms; |

B is selected from carbonyl! or thioxomethyi;

Ar is selected from the group consisting of 2, 3 and
4-pynidinyl, 2 or 3 thionyl, phenyl or phenyl substi-
tuted by 1 to 3 radicals selected from halo, loweral-

10

15

20

25

30

35

45

50

55
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kyl, loweralkoxy, trifluoromethyl or nitro and may
be the same or different;

Z 1s selected from the group consisting of hydrogen,
halogen, loweralkyl, loweralkoxy, hydroxy, or
nitro; -

Y 1s selected from the group consisting of hydrogen
or 1-2 radicals selected from loweralkyl, hydroxy
or loweralkoxy and may be the same or different;

or a pharmaceutically acceptable acid addition salt
thereof.

3. A pharmaceutical composition for treating depres-

sion in unit dosage form comprising (a) an effective

amount for treating depression of a compound having
the formula:

Ar

H>N

wherein;

R is —alk!—NRIR?;

NRIR? js selected from the group consisting of 1-
piperidinyl, l-pyrrolidinyl, 4-morpholinyl, and 1-
piperizinyl;

alk! is a straight or branched hydrocarbon chain con-
taining 1-8 carbon atoms;

B 1s selected from carbonyl or thioxomethyl;

Ar is selected from the group consisting of 2, 3 or
4-pyridinyl, 2 or 3 thienyl, phenyl or phenyl substi-
tuted by 1 to 3 radicals selected from halo, loweral-
kyl, loweralkoxy, trifluoromethyl or nitro and may
be the same or different;

Z 1s selected from the group consisting of hydrogen,
halogen, loweralkyl, loweralkoxy, hydroxy or ni-
{ro;

Y is selected from the group consisting of hydrogen
or 1-2 radicals selected from loweralkyl, hydroxy
or loweralkoxy and may be the same or different,
or a pharmaceutically acceptable acid addition sal
thereof; |

and (b) a pharmaceutical carrier therefor.
¥ %x % % ¥
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